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ABSTRACT
PART I :  INVESTIGATION OF ENDOCYCLIC NUCLEOPHILIC 
SUBSTITUTION AT DI-  AND TETRA-COORDINATE SULFUR. 
PART I I :  SYNTHESIS OF 3 -TOSYL-1 , 2 , 3 -BENZOXATHIAZOLE-
2 , 2-DIOXIDE AND ITS REACTIONS WITH NUCLEOPHILES.
by
Sumal ee  C h u mp r a d i t  
U n i v e r s i t y  o f  New H a m p s h i r e ,  Dec e mb e r ,  1985
P a r t  I :  B i s - 2 - ( 4 ' - t o l u e n e s u l f o n y l ) m e t h y l p h e n y l  d i s u l f i d e ,  
b i s - 2 - a m i n o p h e n y l  d i s u l f i d e ,  2 ' - m e t h y l s u l f o n y l p h e n y l
4 - t o l u e n e s u l f o n a t e  and  N - m e t h y l - N - ( 2 ' - a m i n o b e n z y l ) -
4 - t o l u e n e s u l f o n a m i d e , a l l  of  whi ch  a p p e a r e d  c a p a b l e  of  
u n d e r g o i n g  e n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  s u l f u r ,  we r e  
s y n t h e s i z e d .  Each compound was t r e a t e d  w i t h  t h e  s t r o n g  b a s e  
( s o d i u m h y d r i d e  or  n - b u t y l l i t h i u m )  i n  THF. No t r a c e  of  t h e  
h o p e d - f o r  b a s e - i n d u c e d  r e a r r a n g e m e n t  p r o d u c t s  were  f o u n d .  
N - m e t h y l - N - ( 2 ' - a m i n o p h e n y l ) - 4 - t o l u e n e s u l f o n a m i d e  and some of  
i t s  d e r i v a t i v e s  r e a c t e d  i n  p a r t  w i t h  n - b u t y l l i t h i u m  v i a  an 
e l i m i n a t i o n - a d d i t i o n  p a t h wa y .
P a r t  I I :  3 - T o s y l - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  and
xii
i t s  5 - n i t r o  d e r i v a t i v e  wer e  s y n t h e s i z e d .  T h e i r  r a t e s  of  bas e  
h y d r o l y s i s  i n  a q u e o u s  a c e t o n i t r i l e  wer e  d e t e r m i n e d .  The 
r e a c t i o n  of  t h e  c y c l i c  s u l f a m a t e ,  3 - t o s y l - 1 , 2 , 3 - b e n z o x a t h i a z o l e  
- 2 , 2 - d i o x i d e  w i t h  m e t h y l a m i n e  and t e r t - b u t y l a m i n e  y i e l d e d  
p r o d u c t s  a r i s i n g  f r om r i n g  S-N bond c l e a v a g e .  P h e n y l l i t h i u m , 
m e t h y l l i t h i u m  and p o t a s s i u m  f l u o r i d e  gave p r o d u c t s  f rom exo S-N 
bond c l e a v a g e .  Sodium m e t h o x i d e  y i e l d e d  p r o d u c t s  f rom b o t h  exo 
and endo S-N bond c l e a v a g e .  An amide s y n t h e s i s  u t i l i z i n g  t h e  
c y c l i c  s u l f a m a t e  as  a c o u p l i n g  r e a g e n t  was a l s o  d e m o n s t r a t e d .
x i i  i
HISTORICAL
PART I
Nucleophilic Substitution at Sulfur
P r e v i o u s  work on n u c l e o p h i l i c  s u b s t i t u t i o n  a t
d i c o o r d i n a t e ,  t r i c o o r d i n a t e  and t e t r a c o o r d i n a t e  s u l f u r  up
1t o  1978 ha s  been  r e v i e w e d  i n  Y i l d i z ' s  d i s s e r t a t i o n .
L i t t l e  i s  known a b o u t  t h e  n a t u r e  o f  i n t e r m e d i a t e s  i n  
s u b s t i t u t i o n  r e a c t i o n s  a t  d i c o o r d i n a t e  s u i f u r ( I I ) .  La r ge  
s t e r i c  e f f e c t s  and s m a l l  s u b s t i t u e n t  e f f e c t s  whi ch  have 
been me a s u r e d  f o r  a v a r i e t y  o f  r e a c t i o n s  have  been 
i n t e r p r e t e d  a s  e v i d e n c e  f o r  a d i r e c t  S^2 t y p e  o f  
d i s p l a c e m e n t  w i t h  no i n t e r m e d i a t e .  However ,  t h e  r e a c t i o n  o f  
s u l f e n y l  d e r i v a t i v e s  w i t h  a mi n e s  i n  b e n z e n e ,  whi ch  i s  
c a t a l y z e d  by a dde d  b a s e s  o r  t h e  n u c l e o p h i l e  i t s e l f ,  a p p e a r s  
t o  p r o c e e d  v i a  an i n t e r m e d i a t e  c o m p l e x . ^  S i n c e  t h e  s u l f e n y l  
s u l f u r  c a n n o t  be c h i r a l ,  s t e r e o c h e m i c a l  s t u d i e s  i n v o l v i n g  
o p t i c a l l y  a c t i v e  compounds  a r e  n o t  p o s s i b l e .
The s t e r e o c h e m i s t r y  o f  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  
t r i c o o r d i n a t e  s u l f u r ( I V )  ha s  been  s t u d i e d  e x t e n s i v e l y .  
I n v e r s i o n  i s  u s u a l l y  o b s e r v e d ,  b u t  s e v e r a l  c a s e s  o f  
r e t e n t i o n  a r e  known.
For  t e t r a c o o r d i n a t e  s u l f u r ( V I ) ,  o n l y  i n v e r s i o n  a t  
s u l f u r  has  been o b s e r v e d .
At l e a s t  two mec han i s ms  f o r  n u c l e o p h i l i c  s u b s t i t u t i o n
2A — i  ^a t  s u l f u r  have been c o n s i d e r e d :  a t w o - s t e p  p r o c e s s
v i a  t r i g o n a l  b i p y r a m i d a l  s u l f u r a n e  i n t e r m e d i a t e s  and a
o n e - s t e p  c o n c e r t e d  p r o c e s s .
P e n t a c o o r d i n a t e  i n t e r m e d i a t e s  o f  t he  t w o - s t e p  p r o c e s s
have  t h e i r  c o u n t e r p a r t s  i n  p h o s p h o r u s  c h e m i s t r y .  G e o m e t r i e s
o f  p h o s p h o r a n e s  r a n g e  f rom i d e a l  t r i g o n a l  b i p y r a m i d s  t o
11r e c t a n g u l a r  p y r a m i d s .  P s e u d o p e n t a c o o r d i n a t e d
s u l f u r ( I V )  compounds  s u c h  a s  s u l f u r  t e t r a f l u o r i d e  i n  whi ch
one o f  t he  c o o r d i n a t i o n  s i t e s  i s  o c c u p i e d  by a l one
1 2e l e c t r o n  p a i r  a r e  common.  S e v e r a l  s t a b l e  s u l f u r a n e s ,
s u c h  a s  1_ 2 4 , 5. and 6
"1 6) *1 /, ’ ( f i g  1) have been  s y n t h e s i z e d  and t h e  l a t t e r
t h r e e  p r o p o s e d  a s  i n t e r m e d i a t e s  i n  n u c l e o p h i l i c  
s u b s t i t u t i o n  a t  s u l f u r .
o — S — o
. L ° c ( cf3)3
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F i g u r e  1.
S t r u c t u r e s  of  s t a b l e  s u l f u r a n e s
X- r a y  c r y s t a 1l o g r a p h i c  s t r u c t u r e s  o i  s u l f u r a n e s  4 , 5 , 
ana  6 show t n e s e  s p e c i e s  t o  De t r i g o n a l  b i p y r a m i d a l  i n
g e o me t r y  i n  t he  s o l i d  s t a t e ,  a s s u m i n g  t h e  s u l f u r  a t om
1 ■~>e l e c t r o n  p a i r s  on 4_ ana  p. t o  be l i g a n d s .  Low t e m p e r a t u r e
NMR s p e c t r a  and pKa m e a s u r e me n t s  show t h e  i m p o r t a n c e  of
h y p e r v a l e n t  b o n d i n g  i n  t h e  g r o u n d  s t a t e  s t r u c t u r e s  of  ^  and
5 i n  s o l u t i o n .  By me a s u r e me n t  of  t h e  pKa v a l u e  of
t h e i r  open  c h a i n  c o n j u g a t e d  a c i d s ,  s u l f u r a n e s  4 , 5. and b
were c a l c u l a t e d  to be a t  l e a s t  9 1 . 4 ,  2 4 . 7  and 1 0 . 9  KJ / mol
more s t a b l e  t h a n  t h e i r  open c h a i n  i s o m e r s  ]_ , 8 and 9
r e s p e c t i v e l y .  Ma r t i n  and c o w o r t e r s 1^ s u g g e s t e d  t h a t  t he
e n e r g y  d i f f e r e n c e s  a r e  due t o  i n t r a m o l e c u l a r  t h r o u g h - s p a c e
s t a b i l i z i n g  i n t e r a c t i o n s  whi ch  a r e  g r e a t e r  f o r  t he
h y p e r v a l e n t  a n i o n s  4_ , 5. and 6 t h a n  f o r  t h e  open c h a i n








In  t h e  c a s e s  o f  4 , 5 and 6 ( f i g  1 ) ,  t h e  p r e f e r r e d  
c o n f i g u r a t i o n  would have  t h e  n u c l e o p h i l e s  and l e a v i n g  
g r o u p s  i n  a p i c a l  p o s i t i o n s  whi ch  would l e a d  t o  i n v e r s i o n  o f  
c o n f i g u r a t i o n  a t  s u l f u r .  For  e x a mp l e ,  s u l f u r a n e  4 i s  a 
model  o f  an i n t e r m e d i a t e  f o r  n u c l e o p l i l i c  s u b s t i t i o n  a t  
d i c o o r d i n a t e  s u l f u r ( I I ) ,  5. f o r  s u b s t i t u t i o n  a t  
t r i c o o r d i n a t e  s u l f u r ( I V ) ,  and 6 f o r  s u b s t i t u t i o n  a t  
t e t r a c o o r d i n a t e  s u l f u r ( V I ) .
D i s c u s s i o n s  o f  t h e  s u l f u r a n e  i n t e r m e d i a t e  pa t hwa y  have
10 19a p p e a r e d  i n  t he  l i t e r a t u r e .  ’ M i k o l a j c z y k  and
Dr abowi cz  a r g u e d  t h a t  t he  t w o - s t e p  mechani sm p r o v i d e s  
a r e a s o n a b l e  e x p l a n a t i o n  f o r  b o t h  i n v e r s i o n  and r e t e n t i o n  
r e a c t i o n s .  T h e i r  a n a l y s i s  of  t h e  v a r i o u s  p o s s i b i l i t i e s  i s  as  
f o l l o w s :  ( a )  The a d d i t i o n  of  t he  n u c l e o p h i l e ,  Nu, t o  f a c e  
abc o p p o s i t e  t o  t h e  l e a v i n g  g r o u p ,  L, of  t e t r a h e d r a l  s u l f u r  
l e a d s  t o  a t r i g o n a l  b i p y r a m i d a l  s u l f u r a n e  whi ch  has  Nu and L 
i n  a p i c a l  p o s i t i o n s .  D e p a r t u r e  o f  L g i v e s  t h e  p r o d u c t  w i t h
Di n v e r s i o n ,  ( b)  A t t a c k  a t  e dges  a b , ac  or  be p l a c e s  Nu ana 
L i n  e q u a t o r i a l  p o s i t i o n .  D e p a r t u r e  of  L b e f o r e  any l i g a n d  
r e o r g a n i z a t i o n  i p s e u d o r o t a t i o n ) ha s  t a k e n  p l a c e  r e s u l t s  i n  
i n v e r s i o n  o f  c o n f i g u r a t i o n  ( f i g  2 ) .
F i g u r e  2.
S u b s t i t u t i o n  a t  s u l f u r  r e s u l t i n g  i n  i n v e r s i o n  of  
c o n f i g u r a t i o n .
N u c l e o p h i l i c  a t t a c k  a t  f a c e s  abL,  acL o r  bcL,  o p p o s i t e  t o  a 
s u b s t i t u t u e n t  t h a t  i s  n o t  t h e  l e a v i n g  g r o u p ,  r e s u l t s  i n  t h e  
f o r m a t i o n  o f  a s u l f u r a n e  i n t e r m e d i a t e  h a v i n g  an 
a x i a l - e q u a t o r i a l  a r r a n g e m e n t  o f  t h e  n u c l e o p h i l e  and t h e  
l e a v i n g  g r o u p ,  r e s p e c t i v e l y .  A f t e r  l i g a n d  r e o r g a n i z a t i o n , a 









g r o u p  o c c u p i e s  t he  a p i c a l  p o s i t i o n  i r om whi ch  i t  d e p a r t s  
w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n  ( . mi c r o s c o p i c  








F i g u r e  3.
N u c l e o p h i l i c  s u b s t i t u t i o n  a t  s u l f u r  r e s u l t i n g  i n  r e t e n t i o n  
of  c o n f i g u r a t i o n .
An o t h e r  p o s s i b i l i t y  i s  a t t a c k  a t  e d g e s  aL,  bL o r  cL t o  
g i v e  a s u l f u r a n e  w i t h  L a p i c a l  and Nu e q u a t o r i a l .  
P s e u d o r o t a t i o n  to p l a c e  L i n  an e q u a t o r i a l  p o s i t i o n  
f o l l o w e d  by d e p a r t u r e  o f  L l e a d s  t o  a p r o d u c t  w i t h  




A l t h o u g h  s u l f u r a n e  i n t e r m e d i a t e s  have  been  p r o p o s e d  i n  
many c a s e s ,  t h e y  have  n o t  been i s o l a t e d  o r  d i r e c t l y  
o b s e r v e d  i n  any  n u c l e o p n i l i c  s u b s t i t u t i o n  r e a c t i o n s ,  so t h e  
q u e s t i o n  s t i l l  r e m a i n s  open w h e t h e r  or  n o t  t h e y  a r e  a l w a y s ,  
i f  e v e r ,  i n v o l v e d  i n  t h e  p r o c e s s .
Some e v i d e n c e  f o r  t he  c o n c e r t e d  mechani sm was r e p o r t e d
?0by Wi l l i a m s  and c o w o r k e r s '  who f o und  t h a t  t h e  r e a c t i o n  
o f  p h e n o l a t e  i o n  w i t h  a s e r i e s  o f  a r y l  e s t e r s  o f
4 - n i t r o b e n z e n e s u l f o n i c  a c i d  o beye d  a l i n e a r  B r o n s t e d - t y p e  
r e l a t i o n s h i p  ( scheme  1 ) . “
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Scheme 1.
Pa t hways  f o r  a s u l f o n y l  t r a n s f e r  r e a c t i o n .
I n  t h i s  r e a c t i o n  a s e r i e s  o f  o x y a n i o n s  w i t h  b a s i c i t i e s  
b o t h  s m a l l e r  and l a r g e r  t h a n  t h e  l e a v i n g  4 - n i t r o p h e n o l a t e  
g r o u p  were u s ed  a s  n u c l e o p h i l e s ,  i f  a s t e p w i s e  mechani sm 
were f o l l o w e d ,  a c h a n g e  i n  t h e  r a t e - l i m i t i n g  s t e p  s h o u l d  
o c c u r  a s  t h e  i n c o mi n g  g r o u p  becomes  more or  l e s s  b a s i c  t h a n  
t h e  l e a v i n g  4 - n i t r o p h e n o l a t e  i o n .  Thus ,  a n o n l i n e a r  
Br t f n s t ed  r e l a t i o n s h i p  w i t h  a b r e a k  a t  A pK. = 0 i s  e x p e c t e d  
f o r  t h e  s t e p w i s e  mechan i s m whi c h  has  two e l e c t r o n i c a l l y  
d i s t i n c t  t r a n s i t i o n  s t a t e s .  A c o n c e r t e d  p r o c e s s  w i t h  a 
s i n g l e  t r a n s i t i o n  s t a t e  s h o u l d  g i v e  a l i n e a r  o r  g e n t l y  
c u r v i n g  B r p n s t e d  c o r r e l a t i o n .  S i n c e  i t  has  n o t  y e t  been 
p o s s i b l e  t o  c o n f i r m  t h e  c o n c e r t e d  mechani sm by o t h e r  
e x p e r i m e n t s ,  t he  p o s s i b i l i t y  can  n o t  be e x c l u d e d  t h a t  a
9v e r y  r e a c t i v e  p e n t a c o o r d i n a t e  i n t e r m e d i a t e  i s  f o rmed in  a 
v e r y  s h a l l o w  w e l l  a t  t he  apex  o f  t h e  p o t e n t i a l  e n e r g y  
maximum so t h a t  t he  two t r a n s i t i o n  s t a t e s  nave s i m i l a r  
e l e c t r o n i c  s t r u c t u r e s .
2 1 - 2 5R e c e n t l y  E n g b e r t s  and c o w o r k e r s  p r o p o s e d  a
s t e p w i s e  mechani sm f o r  t he  i n t r a m o l e c u l a r
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Scheme 2.
The s t e p w i s e  mechani sm of  i n t r a m o l e c u l a r  c a r b o x y l - c a t a l y z e d  
h y d r o l y s i s  of  s u l f o n a m i d e s .
10
B n g b e r t s '  main a r g u me n t  f o r  t h e  s t e p w i s e  mechani sm i s  b a s e d
on t h e  n e g a t i v e  p  C00H v a l u e  ( - 0 . 5 4 + 0 . 0 2 )  f o r  t h e  a c i d
c a t a l y z e d  h y d r o l y s i s  o f  a r o m a t i c  s u l f o n a m i d e s  w i t h
s u b s t i t u t u e n t s  meta  and p a r a  t o  t he  c a r b o x y l  
21f u n c t i o n .  T h i s  n e g a t i v e  v a l u e  i s  c o n s i s t e n t  w i t h  a 
r e d u c t i o n  i n  e l e c t r o n  d e n s i t y  on t h e  c a r b o x y l  g r o u p  i n  t h e  
t r a n s i t i o n  s t a t e  compar ed  w i t h  t he  i n i t i a l  s t a t e  and 
i m p l i e s  t h a t  t h e  new s u l f u r - o x y g e n  bond i s  a l r e a d y  f u l l y  
f o rmed i n  t h e  t r a n s i t i o n  s t a t e  1_4 o f  t he  s l ow s t e p .  The 
s u l f u r - n i t r o g e n  bond ,  on t h e  o t h e r  han d ,  i s  p a r t i a l l y  
b r o k e n .  Be c ause  t h e  n e g a t i v e  v a l u e  o f  t he  l e a v i n g  g r o u p  i s  
o n l y  a f r a c t i o n  o f  t h a t  f o r  p r o t o n a t i o n  o f  a n i l i n e s  ( P  = 
- 2 . 8 9 )  t h e  l e a v i n g  n i t r o g e n  must  c a r r y  o n l y  a s ma l l  
p a r t i a l  p o s i t i v e  c h a r g e  i n  t h e  t r a n s i t i o n  s t a t e .  The same 
c o n c l u s i o n  a p p l i e s  t o  t h e  s u l f o n y l  c e n t e r  { p> SC^N = -  
- 0 . 5 8  + 0 . 0 1 ) .  The e f f e c t s  of  s u b s t i t u e n t s  a r e  c o n s i s t e n t  
w i t h  a t r a n s i t i o n  s t a t e  i n  whi ch  a l l  t h r e e  c e n t e r s  
- c a r b o x y l ,  s u l f o n a m i d e  s u l f u r  and t h e  l e a v i n g  n i t r o g e n  
a t om-  a r e  more e l e c t r o n  d e f i c i e n t  t h a n  i n  t h e  i n i t i a l  
s t a t e .  The t r a n s i t i o n  s t a t e  whi ch  f i t s  t h e s e  r e q u i r e m e n t s  
i s  t h a t  f o r  t h e  b r eakdown o f  p e n t a c o o r d i n a t e  i n t e r m e d i a t e  
14 . I f  S - 0  bond f o r m a t i o n  i s  c o m p l e t e ,  and S-N c l e a v a g e  i s  
n o t ,  t h e  t r a n s i t i o n  s t a t e  f o r  a c o n c e r t e d  p r o c e s s  would be
Q
so u n s y m m e t r i c a l ^  a s  t o  be s c a r e l y  d i s t i n g u i s h a b l e  f rom 
14 . T h e r e f o r e ,  t h e  mechani sm i n v o l v e s  a p e n t a c o v a l e n t  
s u l f u r a n e  13 •
11
22E n g b e r t s  and c o w o r k e r s  p r o v i d e d  f u r t h e r  s u p p o r t  
f o r  t h i s  s t e p w i s e  mechani sm by ab i n i t i o  m o l e c u l a r  o r b i t a l  
c a l c u l a t i o n s .  By a p p l i c a t i o n  o f  t he  same p r e f e r e n c e  r u l e s  
t o  p e n t a c o o r d i n a t e d  s u l f u r  compound a s  t h o s e  u s e d  f o r  
c o mp a r a b l e  p h o s p h o r u s  compounds ,  t he  s t r u c t u r e s  1ba and 1bb 
were  c a l c u l a t e d  to be t he  most  f a v o r a b l e  o n e s  o f  t he  
p o s s i b l e  s t r u c t u r a l  a l t e r n a t i v e s .  In t h e s e  s t r u c t u r e s  t h e  
r i n g s  a r e  a t t a c h e d  v i a  a p i c a l - e q u a t o r i a l  p o s i t i o n s  and t h e  
CSO a n g l e  i s  a b o u t  90°.
3  X
o — x
1 6 a ,  x -  c h o  
1 6 b , x - H
C a l c u l a t i o n s  on t he  d i f f e r e n t  c o n f o r m a t i o n s  o f  t h i s  
i n t e r m e d i a t e  showed a c l e a r  p r e f e r e n c e  f o r  t h e  t r i g o n a l  
b i p y r a m i d a l  s t r u c t u r e  16a w i t h  a p i c a l  bonds  to t he  i n c o mi n g  
n u c l e o p h i l e  and t he  ami ne  l e a v i n g  g r o u p  compar ed  t o  17a - c ‘
12
H
H— N ^ H
12.28 H
o ~ V 7
n i r s


























w i l l i a m s '  e v i d e n c e  i o r  a c o n c e r t e d  ana  E n g b e r t s '  f o r  a 
s t e p w i s e  mechani sm s u g g e s t  t h a t  s u l f o n y l  t r a n s f e r  r e a c t i o n s  
may go by e i t h e r  m echan i sm.  I t  has  been  e s t a b l i s h e d  t h a t
t h e  a n a l o g o u s  p h o s p h o r y l  t r a n s f e r  r e a c t i o n  can  be e i t h e r
25  26c o n c e r t e d  o r  s t e p w i s e .  ’
E n d o c y c l i c  k u c l e o p h i l i c  S u b s t i t u t i o n
E n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n  i s  d e f i n e d  a s  a 
p r o c e s s  in  whi ch  t h e  l e a v i n g  g r o u p ,  L, i s  Donded to  t he  
n u c l e o p h i l e ,  Nu, so  t h a t  t h e  atom u n d e r g o i n g  a t t a c k ,  X, 
i s  t r a n s f e r e d  i n t r a m o l e c u l a r l y  f rom L t o  Nu (eq 1 ) .  In  
c o n t r a s t ,  t h e  l e a v i n g  g r o u p  i s  d i s p l a c e d  f rom t h e  p a r e n t  
m o l e c u l e  i n  an e x o c y c l i c  s u b s t i t u t i o n  p r o c e s s  ( eq  2 ) .
Nu
N” L 0 )
x _ £ 7 * l Nu x  + L ^
27E s c h e nm o s e r  and c o w o r k e r s  1 i n v e s t i g a t e d
e n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  a m e t h y l  c a r b o n
T h e i r  work p r o v i d e d  s t r o n g  e v i d e n c e  t h a t  8^2 r e a c t i o n s  
x
a t  sp c a r b o n  t a k e  p l a c e  w i t h  s t e r e o e l e c t r o n i c
n lj
c o n t r o l  . The n u c l e o p h i l e  must  a p p r o a c h  t h e  s u b s t r a t e
14
c a r b o n  f rom a 180° a n g l e  o p p o s i t e  to t h e  l e a v i n g  g r o up  
( scheme 5 )•
'2 '3
in te rm o W c u lo f
/ S O —  OCH.
I
Ts
-SO.3  i n t r a m o le c u la r
^ C H - C K
SO,— 0
Scheme 3-
Es ch en mo s e r  ' s i n t r a m o l e c u l a r  r e a c t i o n .
I n t r a m o l e c u l a r  e n d o c y c l i c  a t t a c k  d i d  n o t  o c c u r  b e c a u s e  a
t r a n s i t i o n  s t a t e  w i t h  che p r o p e r  a l i g n m e n t  o f  t he
28n u c l e o p h i l e  and s u b s t r a t e  c o u l d  n o t  be a t t a i n e d .  T h i s
29r e s u l t  a l s o  a g r e e s  w i t h  B a l d w i n ' s  r u l e :  a
s i x - m e m b e r e d  e n d o c y c l i c  p r o c e s s  i s  d i s f a v o r e d .
An ex ampl e  o f  m e t h y l  t r a n s f e r  by e n d o c y c l i c
n u c l e o p h i l i c  s u b s t i t u t i o n  was r e p o r t e d  by King and 
30c o w o r k e r s .  A m i n o e s t e r  1J3 a t  low c o n c e n t r a t i o n  was 
c o n v e r t e d  i n t o  b e t a i n e  1_9 p a r t l y  by way o f  an 
i n t r a m o l e c u l a r  mechan i sm,  w h e r e a s  t h e  c o r r e s p o n d i n g  
r e a c t i o n s  o f  20 and 2J_ were e n t i r e l y  i n t e r m o l e c u l a r . The 
i n t r a m o l e c u l a r  r e a c t i o n  p a thway  o b s e r v e d  w i t h  J_8 d e c r e a s e d  
w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  of  t h e  s t a r t i n g  m a t e r i a l .
15
r r ^ ^ ^ s a o c R .
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Absence  o f  t h e  i n t r a m o l e c u l a r  p a t hway  f o r  t h e
r e a c t i o n s  o f  20 and 21,  and t h e  low i n t r a m o l e c u l a r  y i e l d
f o r  t h e  r e a c t i o n  o f  1_8f a r e  due to t he  s t e r i c  s t r a i n  o f  an
e n d o c y c l i c  r e a c t i o n  p r o c e e d i n g  by 8 -  and 9-membered  c y c l i c
51i n t e r m e d i a t e s  or  t r a n s i t i o n  s t a t e s .  i h i s  s t r a i n  i s  
c a u s e d  by d e v i a t i o n  f rom t he  i d e a l  180° o r i e n t a t i o n  o f
n u c l e o p h i l e ,  c a r b o n ,  and  l e a v i n g  g r o u p  i n  t h e  e i g h t -  and
50n i n e - m e m b e r e d  c y c l i c  t r a n s i t i o n  s t a t e s .
E n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  s u l f i n y l
52s u l f u r  nas  been r e p o r t e d  by wudl .  He a l s o  
d e m o n s t r a t e d  t h a t  i n t r a m o l e c u l a r  s u b s t i t u t i o n  t ook  p l a c e  
w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  low c o n c e n t r a t i o n s  o f  
t h e  s u b s t r a t e ,  w h e r e a s  i n t e r m o l e c u l a r  s u b s t i t u t i o n  w i t h  
i n v e r s i o n  became e v i d e n t  a s  s t a r t i n g  m a t e r i a l  c o n c e n t r a t i o n  
was i n c r e a s e d  (.eq 3 ) .  The f i v e - m e m b e r e d  t e t r a c o o r d i n a t e  
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Me
In  a s t u d y  d e s i g n e d  t o  d e t e c t  e n d o c y c l i c  s u b s t i t u t i o n
s u l f i n a m i d e s  23 were f ou nd  n o t  to r e a r r a n g e  upon t r e a t m e n t
w i t h  b a s e ,  b u t  i n s t e a d  r e a r r a n g e d  w i t h  a c i d - c a t a l y s i s  t o
33g i v e  a n i l i n o s u l f o x i d e s  24. • A c r o s s - o v e r  e x p e r i m e n t  
showed t h a t  t h e  r e a c t i o n  f o l l o w e d  an i n t e r m o l e c u l a r  
m e c h a n i s m .
Me
OMe £3
S — Toi 
OMe m oa 
0  —
34 33 36C l o s s o n ,  ^ H e l l w i n k e l  ’ and  t h e i r  c o w o r k e r s
t r e a t e d  a r e n e s u l f o n a m i d e s  s u c h  a s  25a  w i t h  s t r o n g  b a s e s
17
( p h e n y l l i t h i u m ,  n - b u t y l l i t h i u m ,  m e t h y l l i t h i u r n )  t o  o b t a i n  
s u i f o n e s ,  25b . An i n t r a m o l e c u l a r  mechanism was 
d e m o n s t r a t e d  by a c r o s s - o v e r  e x p e r i m e n t .  H e l l w i n k e l  
o b t a i n e d  26b by t r e a t m e n t  o f  c y c l i c  s u l f o n a m i d e  26a w i t h  
b a s e .  T h i s  r e a r r a n g e m e n t  must  f o l l o w  an i n t r a m o l e c u l a r  










As m e n t i o n e d  e a r l i e r ,  o n l y  i n v e r s i o n  o f  c o n f i g u r a t i o n
has  been  o b s e r v e d  i n  n u c l e o p h i l i c  s u b s t i t u t i o n  a t
2
t e t r a c o o r d i n a t e  s u l f u r ( V I J .  i n v e r s i o n  r e a c t i o n s  may
f o l l o w  an S^2 l i k e  pa t hway  v i a  a t r i g o n a l l y
b i p y r a m i d a l  t r a n s i t i o n  s t a t e  o r  i n t e r m e d i a t e  w i t h  t h e
n u c l e o p h i l e ,  s u l f u r  a tom and l e a v i n g  g r o u p  a p p r o x i m a t e l y  
5-5c o l i n e a r ,  o r  t n e y  c o u l d  p r o c e e d  v i a  a t r a n s i t i o n
13
s t a t e  or  i n t e r m e d i a t e  i n  which  n u c l e o p h i l e  and l e a v i n g  
g rou p  a r e  b o t h  e q u a t o r i a l .  To see  i f  a p p r o x i m a t e  
c o l i n e a r i t y  o f  n u c l e o p h i l e ,  s u l f u r  atom and l e a v i n g  g r ou p  
i s  a c t u a l l y  n e c e s s a r y  f o r  e n d o c y c l i c  n u c l e o p h i l i c  
s u b s t i t u t i o n  a t  s u l f u r  t o  o c c u r ,  A nd e r se n  and 
c o w o r K e r s ^  s y n t h e s i z e d  m o l e c u l e s  su ch  a s  27. -  30 .
T hese m o l e c u l e s  a p p e a r  c a p a b l e  o f  u n d e r g o i n g  e n d o c y c l i c  
n u c l e o p h i l i c  s u b s t i t u t i o n  a t  s u l f u r ( f i g  4 ) .
N NH—Ts
F i g u r e  4.
The s t r u c t u r e  o f  a m i n o a r y l  a r e n e s u l f o n a t e s  and t h e i r  
r e a r r a n g e m e n t  p r o d u c t s .
19
Ami noa r y l  a r e n e s u l f o n a t e s  27_ -  30 were r e a r r a n g e d  
i n t r a m o l e c u l a r i y  upon t r e a t m e n t  w i t h  s t r o n g  b a s e s  to form 
h y d r o x y a r y l a r e n e s u l f o n a m i d e s  31_ -  34. ( r e s p e c t i v e l y  ( f i g u r e  
4 ) .  Two mechan i sms  f o r  t h e s e  r e a r r a n g e m e n t s  were c o n s i d e r e d  
l i k e l y .  The f i r s t  i n v o l v e s  e n d o c y c l i c  n u c l e o p h i l i c  a t t a c k  
by n i t r o g e n  on s u l f o n y l  s u l f u r  w i t h  c o n s e q u e n t  S - 0  bond 
c l e a v a g e .  T h i s  r e a r r a n g e m e n t  may p r o c e e d  t h r o u g h  a f i v e -  o r  
s ix - m e m b e r e d  t r a n s i t i o n  s t a t e  or  i n t e r m e d i a t e  d e p e n d i n g  on 
t h e  s t r u c t u r e  o f  t h e  s t a r t i n g  m a t e r i a l .  T h i s  mechani sm was 
s u p p o r t e d  by a c r o s s - o v e r  e x p e r i m e n t .  A n o t h e r  mechani sm
i n v o l v e s  f o r m a t i o n  o f  an o - q u i n o n i m i n e ( 35 ) -  s u l f i n a t e (  36 )  
p a i r  which  c o l l a p s e s  t o  p r o d u c t  ( eq  4 ) .
27 n-BuLi
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ii ,
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31 (4)
E v i d e n c e  f o r  t h i s  l a t t e r  mechani sm i s  b a s e d  on t h e  
i s o l a t i o n  o f  a z o b e n z e n e  37 f rom t h e  r e a c t i o n s  o f  27a and 
27b w i t h  n - B u L i .  o - Q u i n o n i m i n e  ( .35 ) has  n e v e r  been 
i s o l a t e d  o r  t r a p p e d .  T h i s  i n v e s t i g a t i o n  i s  n o t  y e t  
c o m p l e t e .
I n  o r d e r  t o  p r o v i d e  i n f o r m a t i o n  a b o u t  e n d o c y c l i c  
n u c l e o p h i l i c  s u b s t i t u t i o n  a t  d i -  and t e t r a - c o o r d i n a t e  
s u l f u r ,  m o l e c u l e s  which  a p p e a r e d  c a p a b l e  o f  u n d e r g o i n g  t h i s  
p r o c e s s  were  s y n t h e s i z e d .  Each was t h e n  t r e a t e d  w i t h  a 
s t r o n g  b a s e  t o  c r e a t e ,  by d e p r o t o n a t i o n ,  an a n i o n i c  
n u c l e o p h i l e  seemed c a p a b l e  of  a t t a c k i n g  t h e  s u l f u r  atom 
i n t r a m o l e c u l a r l y . The r e s u l t a n t  r e a c t i o n  p r o d u c t s  were 
i s o l a t e d  and i d e n t i f i e d ,  and mechan i sms  f o r  t h e i r  f o r m a t i o n  
were  p o s t u l a t e d .
PART II
Kinetic Studies of Alkaline Hydrolysis of Heterocyclic 
Sulfates
B ec aus e  o f  t h e i r  s i m i l a r i t y  to m o l e c u l e s  or  b i o i o g i c a l  
i n t e r e s t ,  t h e  r e a c t i v i t y  and s t e r e o c h e m i s t r y  o f  c y c l i c  
p n o s p h o r u s  compounds  have been e x t e n s i v e l y  
s t u d i e d .  ^  I'he f i v e - m e m b e r e d  c y c l i c  p h o s p h a t e s  5<3 - 
40 ,4 1-44 and p h o s p h o n a t e  42 n y d r o i y z e
1 0 ^ - 1 0 ^  t i m e s  f a s t e r  t h a n  t h e i r  o p e n - c h a i n  
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4 2
We s th e i me r  and c o w o r k e r s ^ 7 p r o p o s e d  t h a t  t h i s  r a t e  
a c c e l e r a t i o n  was due to r e l i e f  o f  r i n g  s t r a i n  i n  t h e  
f i v e - m e m b e r e d  r i n g s .  T n e r m o c h e m i c a l  m e a s u r e m e n t s  snowed 
t h a t  e t h y l e n e  p n o s p h a t e  38  i s  i n d e e d  s t r a i n e d  r e l a t i v e  to  
t h e  a c y c l i c  p h o s p h a t e  by ca  21 -2 5  k J / m o l . 4 ^  T h i s  s t r a i n
22
has  been  f u r t h e r  c o n f i r m e d  oy X - r a y  c r y s t a i l o g r a p n y , on 
i ' i v e - me mb er e d  c y c l i c  p n o s p h a c e  £0 Tne e n a o c y c i i c
O-F-O oond a n g l e  i s  9 8 . 4 ° .  However ,  i t  was a e m o n s t r a t e o  
58 ,  j 9 , 4 6 , 4 3 - 5 0  j_a t e r  the  r e l e a s e  o f  r i n g  s t r a i n  m
f o r m i n g  a t r i g o n a l  b i p y r a m i o a l  p e n t a c o v a l e n t  p n o s p n o r a n e
t r a n s i t i o n  s c a t e  o r  i n t e r m e o i a t e  was r e s p o n s i b l e  xor  a t
most  16 - 25  k J / m o l  o f  t h e  4 1 - 4 o  KJ/mol  d i f f e r e n c e  i n
a c t i v a t i o n  e n e r g i e s  u e t we en  the  o a s e - c a t a l y z e a  n y a r o i y s i s
of  m e t h y l  e t h y l e n e  p h o s p n a t e  59 and c n a t  o i  t r i m e i n y i
^ 2- —• t  4p h o s p h a t e .  R e c e n t l y  L i o r e n s t e i n  and c o w o r k e r s  
p r o p o s e d ,  b a s e d  on m o l e c u l a r  o r b i t a l  c a l c u l a t i o n s ,  t h a t  a 
s i g n i f i c a n t  f r a c t i o n  o f  t h i s  d i f f e r e n c e  comes i rom o r b i c a l  
s t e r e o e l e c t r o n i c  e f f e c t s  i n  t he  t r i g o n a l  b i p y r a m i d a l  
t r a n s i t i o n  s t a t e .
52From 0 - 1 o  l a b e l i n g  s t u d i e s  i t  was c o n c l u d e d  t h a t  
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The h y d r o l y s i s  pa t hway  of  m e t h y l  e t h y l e n e  p h o s p h a t e .
G o r e n s t e i n  and c o w o r k e r s  D e l i e v e  t h a t  the  a i a n i o n i c  lo rm oi
4344 i s  i o rmed  v i a  r a p i d  p s e u d o r o t a t i o n ^  m  b a s e  o f  43 •
The two l o n e  p a i r s  on t h e  e q u a t o r i a l  r i n g  o x y g e n s  ( .assuming 
sp^ h y b r i d i z a t i o n - 5^ ) a r e  o r i e n t e d  p a r t i a l l y  
a n t i p e r i p l a n a r  to  t h e  a x i a l  r i n g  e s t e r  bond o f  t h e  i e a v i n g  
g r o u p .  M o l e c u l a r  o r b i t a l  c a l c u l a t i o n s  s u g g e s t e d  t h a t  t h i s  
a n t i p e r i p l a n a r  l o n e  p a i r  o r i e n t a t i o n  c o u l d  f a c i l i t a t e  P-0  
bond c l e a v a g e  ana  t h a t  p r o p e r  o r b i t a l  o v e r l a p  (.the 
s t e r e o e l e c t r o n i c  e f f e c t )  c o u l d  be r e s p o n s i o l e  f o r  a s  much 
a s  a 46 KJ/mol  l o w e r i n g  o i  tne  t r a n s i t i o n  s t a t e
24
c;j)
e n e r g y .  i n  t he  i i v e - m e m b e r e o  c y c l i c  e s t e r s  tne
r i n g  c o n s t r a i n s  t h e  l o n e  p a i r s  i n  a s t e r e o e i e c t r o m c a l i y  
f a v o r a b l e  o r i e n t a t i o n  w h i l e  i n  t he  a c y c l i c  c a s e ,  p r o p e r  
a n t i p e r i p i a n a r  l o n e  p a i r  o v e r l a p  i n  t h e  t r a n s i t i o n  s t a t e  
would r e q u i r e  f r e e z i n g  o f  one or  more r o t a t i o n a l  a e g r e e s  o f  
f r eed om a o o u t  tne  e s t e r  b o n u s .  ' I t  i s  s i g n i f i c a n t  t h a t  
a c o n s i d e r a b l e  p o r t i o n  o f  the  r a t e  d i f f e r e n c e  be t ween
H 7
c y c l i c  and a c y c l i c  r e a c t i o n  i s  e n t r o p i c a l i y  d r i v e n .
The i n i t i a l  a t t e m p t  t o  f i n d  e x a m p l e s  o f  r e a c t i v i t y
c o m p a r a b l e  to the  f i v e d - m e m b e r e d  c y c l i c  p h o s p n a t e s  in
a n a l o g o u s  s u l f u r  compounds  was c a r r i e d  o u t  w i t h  t h e
s u b s t r a t e s  e t h y l e n e  s u l f a t e  43  , t r i m e t h y l e n e  s u l f a t e  49
68and a l m e t h y l  s u l f a t e  50 .
4 8
MeO\
> ° 2  
M e 0 /
5 0
E t h y l e n e  s u l f a t e  43 n y d r o l y z e a  m  a l k a l i n e  s o l u t i o n  
some t we n t y  t i m e s  f a s t e r  t h a n  u i m e t n y i  s u l i a t e  50 anc* 
a p p r o x i m a t e l y  one n u n a r e d  t i m e s  f a s t e r  t h a n  t h e  
s i x - m e m b e r e d  a n a l o g u e  49 . n o w ev e r ;  w h i l s t  e t h y l e n e  s u i f a t e  
h y d r o l y z e d  p a r t i a l l y  ( 1 4 %) by s u i f u r - o x y g e n  bond c l e a v a g e ,  
49 and 50 n y a r o l y z e d  e x c l u s i v e l y  w i t h  c a r b o n - o x y g e n  bond
25
c l e a v a g e ,  so t h a t  t he  r e l a t i v e  r a t e s  o f  a t t a c k  a t  s u i f u r  i n  
t h e s e  s y s t e m s  c o u l d  n o t  be a c c u r a t e l y  a e t e r m i n e d .  lo
59-61
overcome t h i s  p r o b l e m ,  K a i s e r  and co wo r t t e r s  
s y n t h e s i z e d  compounds  51_ _ 56 ( f i g  5 ) .
18.8 M s  
51
/ s ° 2
SO
33.6 M S 22.1 M1 S
53 55
-7 -1 -1 
8-9x10 M s
5 2
- 5 - i  -i 
4-9x10 M s
5 4
14.5*10^ M_1 S 
5 6
F i g u r e  5.
Second o r d e r  r a t e  c o n s t a n t s  f o r  t h e  a l k a l i n e  h y d r o l y s e s  of  
s u l f a t e  e s t e r s  and s u l t o n e s .
An a l o go u s  t o  t h e  f i v e - m e m b e r e d  r i n g  c y c l i c  e s t e r  
p h o s p n a t e s ,  t he  i i v e - m e m b e r e d  a r o m a t i c  s u l f a t e ,  o - p h e n y l e n e  
s u i l a t e  l 51_ ) , h y d r o l y s e d  2x10^  t i m e s  i a s t e r  t h a n
2u
d i p h e n y l  s u i f a t e  ( 52 ) . ^  o - H ya ro xy  t o  i uene s u l  i on  i c
a c i d  s u l t o n e  ( 53 ) snowed a r a t e  7x10^ l a s t e r  m a n
i t s  open c n a i n  a n a l o g ,  p n e n y i  p - t o l u e n e s u i i o n a t e  
( 54 ) . 6 6 , 6 1  F u r t h e r m o r e ,  t n e  r a t e  o i  n y d r o l y s i s  o i  t he
s i x - m e m b e r e d  c y c l i c  s u l f o n a t e  56 i s  a b o u t  10^ c imes
l e s s  t han  i h a t  o f  53 • T h i s  l e a d s  lo the  o r d e r  o i
r e a c t i v i t y :  f ' ive- rnembered r i n g  >> s i x - m e m b e r e d  r i n g  > open
o 2.c h a i n  a n a l o g u e .  f h e r m o c h e m i c a l  m e a s u r e m e n t s  show
t h a t  t h e  c n i e i  d r i v i n g  f o r c e  t o r  the  r a p i d  r i n g - o p e n i n g  o i
the  i i v e - m e m b e r e d  h e t e r o c y c l e s  i s  r i n g  s t r a i n .  Thu s ,  the
h e a t  o i  n y d r o l y s i s  o i  e t h y l e n e  s u i f a t e  i s  2 1 -2 5  k J / m o l  more
i 58 6 *t h a n  l o r  d i m e t h y l  s u i f a t e .  ’ ^
The s t r a i n  i n  a l i c y c l i c  s y s t e m s  nas  been  d i s c u s s e d
p r i m a r i l y  m  t e r ms  o f  Dond a n g l e  d e f o r m a t i o n s ,  oond
s t r e t c h i n g ,  t o r s i o n  a b o u t  t n e  d i n e d r a l  a n g l e s  and
n o n o o n d i n g  i n t e r a c t i o n M u c h  o f  tne  d i s c u s s i o n  o f
tne  o r i g i n  o i  r i n g  s t r a i n  i n  c y c l i c  s u i i a t e  e s t e r s  was
c e n t e r e d  a r o u n d  t h r e e  p o s s i b l e  c a u s e s :  a n g l e  s t r a i n ,
s t r a i n - i n d u c e d  c h a n g e s  i n  2 p -  3 d T  - c h a r a c t e r  o f  t h e
/r r
e n d o c y c l i c  o x y g e n - n e t e r o  atom b o nd s ,  ’ ' and
1 , 3 - n o n b o n d i n g  i n t e r a c t i o n s  be t ween  the  oxygen  a t o m s . ^
X - r a y  s t r u c t u r a l  a n a l y s i s  showed t h e  p r e s e n c e  o f  
r i n g - s t r a i n  i n  i i v e - m e m b e r e a  c y c l i c  s u l f a t e s  ana  s u l t o n e s .  
The i n t e r n a l  u - b - 0  bond i n  s u l f a t e  5 i s  o n l y  
97 • 1007 and the  c o r  r e s p o n d i n g  (J-S -0  a n g l e  in  
s u l t o n e  55 i s  96-1 The s i x - m e m b e r e d  s u l t o n e  56 , 
which  u n d e r g o e s  a l k a l i n e  h y d r o l y s i s  o n l y  t e n  t i m e s  f a s t e r
27
t h a n  i t s  open c h a i n  a n a l o g u e ,  i s  much l e s s  s t r a i n e d  t n a n
t h e  f i v e - m e m b e r e d  r i n g .  T h i s  s u l t o n e  has  a much l a r g e r
i n t e r n a l  C- S- 0  bond a n g l e  o i  1 0 1 . 4 °  and a l a r g e r  C-G-b
bond a n g l e  o i  1 1 6 . 9 °  compared  to  1 0 8 . 9 ° ° ^  i n
t h e  t ' i v e - me mb er e d  r i n g .  Boer  and F’lynn^® snowed t h a t
a l l  t h e  a n g l e s  in  c a t e c h o l  s u l f a t e  ( 5J_ ) ,  a r e  s t r a i n e d .
The 0-C-C a n g l e s  a r e  d i s t o r t e d  to  v a l u e s  o i  1 1 2 . 5 °  and
1 1 0 . 7 ° ,  w e l l  oelow t h e  no rma l  a n g l e  f o r
s p ^ - h y b r i d i z e d  c a r b o n  o f  1 2 0 ° .  The two S-O-C a n g l e s
( 1 0 8 . 6 °  and 1 0 8 . 7 ° )  a r e  a l s o  c o n s i d e r a b l y  l e s s  than
t n e  v a l u e s  e x p e c t e d  t o r  an a c y c l i c  s u l f a t e  ( 1 2 0 . 6 ° ) .
The i n t e r n a l  G- S-0  bond a n g l e  o f  9 7 . 1 °  i s  s u b s t a n t i a l l y
be low t h e  t e t r a h e d r a l  a n g l e  o f  1 0 9 - 5 ° .  The e x o c y c l i c
—  ftS - 0  bond d i s t a n c e s  a r e  1 . 3 8 0 x 1 0  cm and 
1 . 5 9 2 x1 0- ^ c m , t h e  S - 0  bonds  in  t h e  r i n g  a r e  1 . 58 5  and
_ Q
1. 601  x10 cm, and t n e  C-0 d i s t a n c e s  a r e  1 . 3 9 8  and
1 . 4 0 9 x 1 0  cm. The u n e x p e c t e d  f e a t u r e  o f  t h e  s t r u c t u r e
i s  t h e  d i s t o r t i o n  o f  t h e  f i v e - m e m b e r e d  r i n g  to  a n o n p l a n a r
e n v e l o p e  s t r u c t u r e  where t h e  s u l f u r  atom l i e s  
— 80 . 2 4 9 x 1 0  cm above  t he  p l a n e  t h r o u g h  t h e  s i x  c a r b o n
7 0a t om s  and t h e  two r i n g  oxygen a t o m s .  T h i s  r e s u l t
s u g g e s t s  t h a t  l o n e  p a i r  r e p u l s i o n s  may p l a y  a r o l e  i n  t h e
e x t r a o r d i n a r i l y  h i g h  r a t e  o f  a l k a l i n e  h y d r o l y s i s  e x h i b i t e d  
by f i v e - m e m b e r e d  c y c l i c  e s t e r s  o f  s u l f u r  and p h o s p h o r u s  a s  
compared  t o  t h e i r  s i x - m e m b e r e d  or  a c y c l i c  a n a l o g u e s .
I n c o n t r a s t  t o  t h e  s u l t o n e  55 which  h y d r o l y s e s
2 . 5 x 1 0 ^  t i m e s  f a s t e r  t h a n  i t s  open c h a i n  a n a l o g , ^0.61 t h e
d i s u l f o n e  57. d oe s  n o t  h y d r o l y z e  s i g n i f i c a n t l y  f a s t e r  m a n
e i t h e r  open c h a i n  p h e n y l  d i s u l f o n e  or  d i s u l f o n e  59 •
7 IKice  s u g g e s t e d  t h a t  the  l a c k  o f  r a t e  a c c e l e r a t i o n  xor  
t h e  c y c l i c  f i v e - m e m b e r e d  d i s u l f o n e  57 compared  to  m e  
s i x - m e m b e r e d  s u i f o n e  59 was due t o  e i t h e r  a l a c k  of  
s i g n i f i c a n t  s t r a i n  a s s o c i a t e d  with,  t h e  d i s u i f o n e  r i n g  i n  
57 , o r  t h a t  t h e r e  i s  no r e l i e f  o i  s t r a i n  upon g o i n g  i rom 
r e a c t a n t  to t r a n s i t i o n  s t a t e  or  i n t e r m e d i a t e  as'  m e r e  i s  i n  
t h e  r e a c t i o n  o f  c y c l i c  s u l f a t e s  and s u l t o n e s .  I t  i s  
p o s s i b l e  t h a t  the  i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e  58 has  
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An e a r l i e r  p r o p o s a l  t h a t  Z p - p d ^  o o n d i n g  be t ween  the  
e n d o c y c l i c  oxygen a t om s  and n e t e r o  atom c o u l d  i n d u c e  s t r a i n  
i n  c y c i i c  p h o s p h a t e  e s t e r s  has  now been l a r g e l y  
a b a n d o n e d ,  b e c a u s e  J P n u c l e i  i n  s t r a i n e d  c y c l i c  
e s t e r s  a p p e a r  i n  t h e  NMR to  be i e s s  s h i e l d e d  t h a n  i n
u n s t r a i n e d  compounds. 67 i t  was t h o u g h t  l o r  a t ime t h a t
r i n g  s t r a i n  r e d u c e s  2 p - 3 d  It b o n d i n g  be twe en  p h o s p h o r u s  and 
38 , 6 6 , 6  7o x y g e n .  ’ n o w e v e r ,  r i n g  s c r a m  c r e a t e d  no
d i f f e r e n c e  i n  t h e  e x o c y c i i c  and e n d o c y c l i c  P-OC bond
7 ? 73l e n g t h s ,  ’ so t h i s  e f i e c t  was n o t  c o r r o b o r a t e d  by 
t h e  e x p e r i m e n t a l  d a t a .
T h e re  i s  a n o t h e r  i m p o r t a n t  l a c t o r  wnich  c o u l d  c a u s e  
t h e  K i n e t i c  a c c e l e r a t i o n .  D e t e r m i n a t i o n  o f  t h e  A r r h e n i u s  
p a r a m e t e r s  f o r  t he  a l k a l i n e  h y d r o l y s e s  o f  c y c l i c  and open 
c h a i n  p h o s p h o r y l  compounds  showed t h a t  some o f  t h e  h i g h  
r e a c t i v i t y  o f  f i v e - m e m b e r e d  c y c l i c  p h o s p h a t e s  a r o s e  f rom a 
more f a v o r a b i e  e n t r o p y  o f  a c t i v a t i o n ^  s t a b l e  1 ) .
pO
T a b l e  1.
R a t e  c o n s t a n t s  and a c t i v a t i o n  p a r a m e t e r s  f o r  t h e  a l k a l i n e  
h y d r o l y s e s  of  c y c l i c  and open c h a i n  p h o s p h o l a n
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The g r e a t e s t  c o n t r i b u t i o n  co the  p x l O ' ’ r a t e  
d i f f e r e n c e  b e tw ee n  p h o s p h o i a n  51_ or  a c y c l i c  o x a p h o s p h o l a n  
62 and the  c y c l i c  o x a p h o s p h o l a n  60 comes f rom the  more
f a v o r a b l e  a c t i v a t i o n  e n t r o p y  o f  t he  l a t t e r  e s t e r .
7bT i l l e t t  and c o w o r k e r s  meas ured  t n e  r e l a t i v e  
r e a c t i v i t y  o f  a l K a l i n e  n y d r o l y s e s  o f  s u l f o n a t e  e s t e r s  53. , 
54. , 56 , 53 , and 64. ( t a b l e  2 ; .  They c o n c l u a e d  t n a t  the  
d i f f e r e n c e s  i n  r e a c t i v i t y  be twe en  t h e  f i v e - m e m b e r e d  s u l t o n e  
53. and the  o t h e r  s u l f o n a t e  e s t e r s  a r o s e  f rom a c o m b i n a t i o n  
o f  b o t h  e n t n a l p y  and e n t r o p y  s t r a i n .  As t h e  r i n g  s i z e  
d e c r e a s e s  f rom s e v e n  to f i v e ,  tne  e n t r o p y  o f  a c t i v a t i o n  
becomes  more f a v o r a b l e .  In  t e r m s  o f  t n e  " e n t r o p y - s t r a i n "
51
p r i n c i p l e  tne  m o l e c u l e  t a k e s  up a more o r d e r e d  
s t r u c t u r e  i n  t h e  t r a n s i t i o n  s t a t e  l o r  h y d r o l y s i s  and so tne  
m o l e c u l a r  m o t i o n s  o i  tne  s i x - a n d  s e ve n - me mb er e d  and open 
c h a i n  s u l i o n a c e s  a r e  s u p p r e s s e d ,  i n i s  l o s s  o i  e n t r o p y  
i n c r e a s e s  cne i r e e  e n e r g y  o i  a c c i v a t i o n .  For  the  r e l a t i v e l y  
r e a c t i v e  L i v e - m e m b e r e d  s u l t o n e  53_ , t he  m o l e c u l e  i s  a i r e a o y  
c o n s t r a i n e d  and c n e r e  i s  a r e l a t i v e l y  s m a l l  l o s s  o i  e n t r o p y  
i n  r e a c h i n g  t h e  t r a n s i t i o n  s t a t e ;  n e n c e , 53 h as  the 
s m a l l e s t  n e g a t i v e  e n t r o p y  o i  a c t i v a t i o n  r e s u l t i n g  i n  a 
l ower  f r e e  e n e r g y  o f  a c t i v a t i o n ,  i t  i s  w o r t h  m e n t i o n i n g  
I t  i s  w o r t h  m e n t i o n i n g  t h a t  e v i d e n c e  f o r  t h e  E1cB 
mechanism of  h y d r o l y s i s  of  p h e n y l  p h e n y l m e t h a n e  
s u l f o n a t e  5J4 shows up c l e a r o G l y  i n  t h e  v a l u e  o f  t h e  e n t r o p y  
o f  a c t i v a t i o n ,  + 2 . 9  JK ^mol  ^ ( 3 0 ° ) ,  which
i s  d r a m a t i c a l l y  d i f f e r e n t  f rom t h a t  of  any of  t h e  o t h e r
75s u l f o n a t e s  s t u d i e d  .
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T a b l e  2.
A r r h e n i u s  p a r a m e t e r s  and r e l a t i v e  r a t e s  of  t h e  a l k a l i n e  
h y d r o l y s e s  of  s u l f o n a t e  e s t e r s
'2
5 3 5 6
2
6 3
PhCH2-S 0 2-0 P h  Ph-SCyOPh
*/ -1 *■/ -1 -1 
Sulfonate krel AH/kJmol A S I  J Kmol
53 110 4 5 .3  i  0.8 - 6 1 .2  i 2J9
53 106 4 3 .6  ± 0.8 - 6 7 .0  ± 2.1
5 6
- 3
5.2*10 6 7 .0  ± 1.3 - 7 2 . 5 1 4 .3
63 5 .1 .10 74.2 t 1 .3 -9 0 .1  i 3.8
54 3.9*10 98 .0  t 2 .6 + 2 . 9 8 1 4 .2
6 4
~3
1.0*10 72.5 ± 0 .4 - 7 1 . 2 ; 2.1
7  7  7 rtBy u s i n g  o x y g e n - 1 8  t r a c e r  t e c h n i q u e s ,  ’ i t  was 
shown t h a t  a l k a l i n e  h y d r o l y s i s  o f  a r y l  s u l i o n a t e s  i n v o l v e d  
n u c i e o p n i i i c  a t t a c k  a t  s u l f u r  w i t h  c o n s e q u e n t  s u i t u r - o x y g e n  
bond c l e a v a g e .  From k i n e t i c  s t u d i e s ^ ^  t he  
a l k a l i n e  h y d r o l y s e s  o f  b o t h  c y c l i c  and  open c h a i n  a r y l  
s u l f o n a t e s  were  shown t o  f o l l o w  s e c o n d - o r d e r  k i n e t i c s ,  
c o n s i s t e n t  wi sh  t h e  o v e r a l l  r e a c t i o n  shown i n  e q s  (5 )  and 
( 6 ) .
C6Hr OS° 2 C>-<:6H5+ OH -------- *  C6H50 S 0 3 + C6H5OH (6)
The K i n e t i c  and b o n d - f i s s i o n  s t u d i e s  s u g g e s t  t h a t  the
h y d r o l y s i s  o f  p h e n y l  a r e n e s u l f o n a t e s  p r o c e e d s  v i a
n u c l e o p h i l i c  a t t a c K  o f  h y d r o x i d e  i o n  a t  s u l f u r .  For  the
c y c l i c  s u l f o n a t e s  53. , 36 , 65 and the  open  c h a i n  s u l f o n a t e
7554 , o t h e r  mechan i sms  a r e  p o s s i b l e  wnich  i n v o l v e  tne  
f o r m a t i o n  o f  c a r b a n i o n s  a n d / o r  s u l f e n e s  a s  i n t e r m e d i a t e s  
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S u l f e n e  p a t h w a y s  f o r  t h e  a l k a l i n e  h y d r o l y s e s  of  s u l t o n e s .
The mechani sm shown i n  e q u a t i o n  7 was e l i m i n a t e d  oy
79K a i s e r  and c o w o r k e r s '  who r a n  t he  r e a c t i o n  i n  u ^u .  
i f  t h e  r e a c t i o n  were c o n c e r t e d ,  o r  i r r e v e r s i b l e ,  t he  
r e s u l t a n t  s u l f o n i c  a c i d  66_ s h o u l d  nave one d e u t e r i u m  atom 
i n c o r p o r a t e d  i n t o  t ne  m e t h y l e n e  g r o u p ,  b u t  no d e u t e r i u m  was 
f o u nd  i n  the  p r o d u c t ,  when t h e  h y d r o l y s i s  of  53 was 
c o n d u c t e d  i n  a D^O-OD- s o l u t i o n  i n  which  the  
s u l t o n e  was i n  e x c e s s  o v e r  t he  OD- , s u l t o n e  53 , 
r e c o v e r e d  a f t e r  a l l  t he  OD” was consumed ,  was f o u n d  to 
nave u n d e r g o n e  e x t e n s i v e  e x c h a n g e  o f  d e u t e r i u m  o n t o  the
05
m e t h y l e n e  g r o u p .  T h i s  o o s e r v a t i o n  m d i c a c e d  t h a t  c a r b a n i o n  
i z  was fo rmed  r a p i d l y  and r e v e r s i b l y  f rom s u l t o n e  53. i n  
b a s i c  s o l u t i o n  ( e q  8 ) .  I n i s  l e a v e s  open  the  q u e s t i o n  
w h e t h e r  o r  noc a c a r b a n i o n  a n d / o r  s u l f e n e  i n t e r m e d i a t e  i s  
on t h e  r e a c t i o n  p a t h w a y  f o r  the  a l k a l i n e  h y d r o l y s i s  o f  
s u l t o n e  53 . K a i s e r ^  c o n c l u d e d  c h a t  a
c a r o a n i o n - s u l f e n e  mechani sm a s  i n  eq 8 d o e s  n o t  p r o v i d e  an 
i m p o r t a n t  pa t hway  f o r  the  n y d r o i y s i s  o f  the  f i v e - m e m b e r e d  
s u l t o n e ,  s i n c e  t n e  r a t e  o f  h y d r o l y s i s  o f  t n i s  compound i s  
much f a s t e r  t h a n  f o r  t he  open c n a i n  s u l f o n a t e .
L a t e r  w i l l i a m s  and c o wo r k e r s 3 0 showed t h a t  the  
h y d r o l y s i s  and  a m i n o l y s i s  o f  p h e n y l  p h e n y l m e t h a n e s u l f o n a t e  
p r o c e e d s  v i a  a s t e p w i s e  e l i m i n a c i o n - a d a i t i o n  mechanism 
(E1cB) i n v o l v i n g  a s u l f e n e  i n t e r m e d i a t e  ^scheme 6 ) .
PhCH2S 0 2OAr * B ^  PhCHSCXjOAr * BH
PhCHS020 A r  —► P h C H = :S 0 2 * ArO
P h C H = S 0 2 * H20 ^  B — ► PhCH2 SC>3 * BH + H
Scheme 6.
E l i m i n a t i o n - a d d i t i o n  mechanism of  a m i n o l y s i s  o f  pheny l  
p h e n y l m e t h a n e s u l f  o n a t e .
56
E v i d e n c e  i 'o r  t h e  f o r m a t i o n  o f  a s u l f e n e  i n t e r m e d i a t e  
v i a  an E1cB mechani sm nas  a l s o  Deen r e p o r t e d  by King and
t r i e t h y l a m i n e  m  DME and 0^0 by e i t n e r  a r e v e r s i b l e  or  
an i r r e v e r s i b l e  E1cb p r o c e s s  d e p e n d i n g  on t h e  l e a v i n g  
g r o u p .  I f  p - n i  t r o p h e n y  i p h e n y l m e t h a n e s u l f o n a t e  6d was the  
s u b s t r a t e ,  d e u t e r a t e d  b9 and 70 were o b t a i n e d  which  
s u g g e s t s  t h a t  t h e  mechani sm of  t he  r e a c t i o n  i s  a r e v e r s i o l e  
El cB.  i f  71_ was tne  s u b s t r a t e ,  t he  s u l f o n a t e  r e c o v e r e d  
a f t e r  p a r t i a l  r e a c t i o n  was u n e x c n a n g e d  so an i r r e v e r s i b l e  
E1cb mechanism was b e i n g  l o l l o w e d  h e r e ,  i n e  f o r m a t i o n  o f  
m o n o d e u t e r i a t e d  72_ a l s o  s u g g e s t e d  tne  f o r m a t i o n  o f  s u l f e n e  
i n  the  r e a c t i o n  p a t h w a y .





W i l l i a m s  a l s o  p r o p o s e d  t h a t  f o r  the  
f i v e - m e m b e r e d  c y c l i c  s u l f o n a t e  55 , a l t h o u g h  t he  b e n z y x i c  
p r o t o n  i s  l a b i l e  and t h e  p n e n o x i d e  i o n  i s  a good l e a v i n g
37
g r o u p ,  t he  E1cB mechani sm i s  s u p p r e s s e a  u e c a u s e  tne  
c r a n s i c i o n  s t a t e  i o r  t n i s  r e a c t i o n  can o n l y  i e a a  to tne 
h i g n  e n e r g y  s u i i e n e  773 i n  wnich t n e  ^30 p i a n e  i s  
p e r p e n d i c u l a r  to HC^S p i a n e .
H \  H\
N \
Tne p l a n a r  s u l f e n e  7j4 i s  c a l c u l a t e d  to oe more s t a b l e
rtf)by some 147 k J / m o l  t h a n  t h e  p e r p e n d i c u l a r  f orm 73 .
I t  i s  n o t  l i k l y  t h a t  t n e  s u i i e n e  pa t hway i s  f o l l o w e d  f o r
t h e  a l k a l i n e  n y d r o l y s i s  o f  s u l t o n e  53 •
An a l t e r n a t i v e  mechani sm f o r  t h e  a l k a l i n e  h y d r o l y s i s
o f  c y c l i c  s u l f a t e s  i s  a s t e p w i s e  S^2 t y p e  
6 2m ech an i sm.  By a n a l o g y  w i t h  s u b s t i t u t i o n  r e a c t i o n s  a t  
p h o s p h o r u s ,  i t  seems r e a s o n a b l e  to  assume t n a t  a 
p e n t a c o o r d i n a t e  i n t e r m e d i a t e  o f  type  75 would be fo rmed  and 
t h a t  s t r a i n  would be r e l i e v e d  i f  s u c h  an i n t e r m e d i a t e  had a 
t r i g o n a l  b i p y r a m i a a l  s t r u c t u r e  i 76 ) .
5o
1 3
The c l a s s i c  method f o r  d e m o n s t r a t i n g  che p r e s e n c e  o f  
an i n t e r m e d i a t e  s u c h  a s  77 on che r e a c t i o n  c o o r d i n a t e  i n  
t h e  h y d r o l y s i s  o f  a c a r b o x y l i c  e s t e r  i s  by u s i n g
Q
O - e x c h a n g e .  Bender  showed t h a t  i n  t h e  a l k a l i n e  
h y d r o l y s i s  o f  RC(U-18jOR'  t n e  e s t e r  r e c o v e r e d  a f t e r  p a r t i a l  
h y d r o l y s i s  had u n d e r g o n e  s u b s t a n t i a l  l o s s  o f  o x y g e n - 1 6  
l a b e l  ( scneme 7 ) •
0
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Scheme 7.
H y d r o l y s i s  of  c a r b o x y l i c  e s t e r  ( 0 - 1 8 ) .
39
At t emps  t o  d e t e c t  t h e  p r e s e n c e  of  t r i g o n a l  b i p y r a m i d a l  
i n t e r m e d i a t e s  i n  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  a t  
s u l f u r  by o x y g e n - 1 8  e x c h a n g e  have  n o t  b een  s u c c e s s f u l .  No 
oxygen e xc ha ng e  c o u l d  be d e t e c t e d  i n  t h e  u n h y d r o l y s e d
s u l f o n a t e  r e c o v e r e d  a f t e r  p a r t i a l  h y d r o l y s i s  i n  a l k a l i n e
72 82 8 ^4 88s o l u t i o n  of  e i t h e r  p h e n y l  p - t o l u e n e s u l f o n a t e , ’ ’ ’
N - m e s i t y i a r e n e s u l f i n a m i d e , 2 - h y dr o xy  t o l u e n e s u l i o n i c
a c i d  s u l t o n e  ( 53 ) o r  2 - h y d r o x y p h e n y l e t n a n e  s u l f o n i c  a c i d
Q C
s u l t o n e  ( 56^  ) .  H o w e v e r , t h e  a b s e n c e  o f  oxygen 
e x c h a n g e  d o e s  n o t  r u l e  o u t  t h e  p o s s i b i l e  f o r m a t i o n  o f  a 
p e n t a c o o r d i n a t e  i n t e r m e d i a t e . ^ B e n d e r ^  
o r i g i n a l l y  p o i n t e d  o u t  t h a t  t h e  l a c k  o f  back e x c h a n g e  d o e s  
n o t  r u l e  o u t  t h e  e x i s t e n c e  o i  an i n t e r m e d i a t e ,  i f  t h e  r a t e  
o f  oxygen  e q u i l i b r a t i o n  o f  an i n t e r m e d i a t e  were much s l o w e r  
t h a n  i t s  r a t e  o f  d e c o m p o s i t i o n , no oxygen e x c h a n g e  would be 
o b s e r v e d .  I f  a t r i g o n a l  D i p y r a m i d a l  i n t e r m e d i a t e  7_8 was 
fo rmed  i n  t h e  h y d r o l y s i s  o f  s u l f o n a t e  53_ i n  l a b e l e d  a q u e o u s  
b as e  (eq  9 ) ,  p s e u d o r o t a t i o n  o f  78 would l e a d  to t n e  
t r i g o n a l  b i p y r a m i d a l  i n t e r m e d i a t e s  shown i n  f i g  6 .  T h e i r  
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F i g u r e  6.
P s e u d o r o t a t i o n  of  t r i g o n a l  b i p y r a m i d a l  i n t e r m e d i a t e s .
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K a i s e r  ana  Kezdy p o i n t e d  o a t  t n a t  che l a i l u r e  co 
o b s e r v e  oxygen e x c h a n g e  i n  t he  h y a r o i y s i s  o f  s u l t a n a s  can 
be p r e d i c t e d  l i  cne p r e f e r e n c e  r u l e  whicn  a p p l i e s  to 
p s e u d o r o t a t i o n  o f  t h e  i n t e r m e a i a t e  i n  p h o s p h a t e  e s t e r  
h y d r o l y s i s  can De a p p l i e d  to the  p e n t a c o o r d i n a t e  s u l f u r  
i n t e r m e d i a t e ,  i h u s  7^  , 60 and 64 which have r i n g  a t oms  m  
e q u a t o r i a l  p o s i t i o n s  would be u n a e s i r a b l e  i n t e r m e d i a t e s  
b e c a u s e  o f  the  120°  r i n g  a n g l e s ,  i n e  a p i c a l  p o s i t i o n s  
o f  the  m e t h y l e n e  g r o u p  o f  81_ , w  and 6o maxe t h e s e
i n t e r m e a i a t e s  u n f a v o r a b l e .  S i n c e  n e g a t i v e l y  c h a r g e d  g r o u p s
7 6would be e x p e c t e d  to occupy  e q u a t o r i a l  p o s i t i o n s ,  
e q u i 1 i b r a t i o n  o f  the  oxygen  a toms  i n  i n t e r m e d i a t e  62 w i t h  
t h o s e  i n  87 and 68 ^scheme o)  oy p s e u a o r o t a t i o n  and p r o t o n  
t r a n s f e r  i s  n o t  l i k e l y  to be i n v o l v e d  i n  tne  mechani sm o f  
h y d r o l y s i s  o f  s u l t o n e  53_ • i n t e r m e d i a t e  82 c a n n o t  un de r go  
p s e u d o r o t a t i o n  to 6/_ wnich would exp and  the  r i n g  a n g l e  to 
1 2 0 ° ,  w h e r e a s  p s e u a o r o t a t i o n  a b o u t  0 would p u t  t he  r i n g  
m e t h y l e n e  g r o u p  i n t o  an u n i a v o r a o i e  a p i c a l  p o s i t i o n ,  i ne  
s i t u a t i o n  i s  s i m i l a r  to  t h a t  o b s e r v e d  l o r  t he  m e t h y l  e s t e r  
o f  p r o p y l  p h o s p n o r i c  a c i d ^  and f o r  the  h y a r o i y s i s  o f  a
QQ
c y c l i c  s u l f i n a t e .
u n e x c h a n g e d  p r o d u c t EXCHANGED PRODUCT
Scheme 8.
P s e u d o r o t a t i o n  of  t r i g o n a l  b i p y r a m i d a l  i n t e r m e d i a t e s  l e a d i n g  
t o  oxygen  e x c h a n g e .
In  o r d e r  t o  compare  t h e  r e a c t i v i t y  o f  3 - t o s y l -
1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  w i t h  a q u e o u s  b a s e  t o  t h e  
a n a l o g o u s  p u b l i s h e d  r e a c t i v i t i e s  of  a c y c l i c  and c y c l i c  
s u l f a t e  and s u l f o n a t e  e s t e r s ,  a k i n e t i c  s t u d y  of  t h e  c y c l i c  
s u l f a m a t e ' s  h y d r o l y s i s  i n  a l k a l i n e  a q u e o u s  a c e t o n i t r i l e  was 
u n d e r t a k e n .  In  a d d i t i o n ,  i t s  r e a c t i o n s  w i t h  v a r i o u s  
n u c l e o p h i l e s  was i n v e s t i g a t e d .
RESULTS AND DISCUSSION
PART I
Investigation of Endocvclic Nucleophilic Substitution at 
Pi- and Tetra-coordinate Sulfur
The aim o f  t h i s  r e s e a r c h  was to  i n v e s t i g a t e  e n d o c y c l i c  
n u c l e o p h i l i c  s u b s t i t u t i o n  a t  d i -  and t e t r a - c o o r d i n a t e  
s u l f u r .  M o l e c u l e s  whi ch  a p p e a r e d  c a p a b l e  of  u n d e r g o i n g  
e n d o c y c l i c  n u c l e o p l i l i c  s u b s t i t u t i o n  were s y n t h e s i z e d  f o r  
t h i s  p u r p o s e  and t h e i r  b a s e - i n d u c e d  r e a r r a n g e m e n t s  
a t t e m p t e d .  The s u l f u r  g r o u p  o f  t h e  s u b s t r a t e  m o l e c u l e s  were 
r e s t r i c t e d  t o  - S -  o r  - S O ^ - ,  t h e  n u c l e o p h i l i c  a toms  were 
C o r  N, and t h e  l e a v i n g  a toms  N, 0 o r  S.  The r i n g  s i z e s  
i n v o l v e d  i n  t h e  i n t e r m e d i a t e s  o r  t r a n s i t i o n  s t a t e s  were 
l i m i t e d  t o  f o u r - ,  f i v e -  and s i x - m e m b e r e d  r i n g s .
X =-s-,-so2
N = C,N 
L = N  , 0 , SN
B ec a us e  l i t t l e  i s  known a b o u t  n u c l e o p n i l i c  
s u b s t i t u t i o n  a t  d i c o o r d i n a t e  s u l f u r ( I I ) ,  and a s y m m e t r i c a l
44
d i s u l f i d e  i s  e a s y  t o  s y n t h e s i z e ,  b i s - 2 - ( 4 - t o l u e n e s u i f o n y 1 ) 
m e t h y l p h e n y l  d i s u l f i d e  ( 89 J ,  was p r e p a r e d  by known
'I
m e t h o d s .  I t  was hoped t h a t  upon t r e a t m e n t  o f  d i s u l f i d e  
89 w i t h  sodium h y d r i d e  i n  THF, an e n d o c y c l i c  r e a r r a n g e m e n t  








1 1 0 1
Upon workup o f  t h e  r e a c t i o n  m i x t u r e ,  90 was n o t  
i s o l a t e d ,  b u t  r a t h e r  s od iu m 4 - t o l u e n e s u i f i n a t e  (31 .2%)  and 
a w h i t e  s o l i d ,  m e l t i n g  p o i n t  21 3- 21 4  °C,  were o b t a i n e d .
T h i s  l a t t e r  compound c o n t a i n e d  6 7 . 8 5  p e r  c e n t  c a r b o n  and 
3 . 4 0  p e r  c e n t  h y d r o g e n  ( a t o m i c  r a t i o  c a . C:H = 7 : 4 ) ,  and 
had an a p p a r e n t  m o l e c u l a r  i o n  a t  m/z 240 (100%) ,  an M+1 i on  
a t  241 (16 .7%)  and an M+2 i on  a t  242 ( 1 0 . 0 % J .  Only a r o m a t i c  
p r o t o n s  were o b s e r v e d  i n  t h e  H NMR and o n l y  s i x  p e a k s  
i n  t he  NMR i n d i c a t i n g  t h a t  t h e  m o l e c u l e  was
s y m m e t r i c a l .  Four  b a n d s  were o b s e r v e d  i n  t h e  IR:  two o f
_-i
medium i n t e n s i t y  a t  1432 and 1330 cm and two s t r o n g
4 5
bands  a t  756 and 7 10 .  a sodium f u s i o n  t e s t  showed t h a t  the  
m o l e c u l e  c o n t a i n e d  s u l f u r .  The compound was i d e n t i f i e d  a s  
L1 J b e n z o t h i e n o  [5 , 2 - b  J [ 1 J benzo t h i o p h e n e  ( 91_ , scheme 5 ) .  
M en t i on  o f  t h e  r e a c t i o n  o f  a r y l  d i s u l f i d e s  w i t h  sod ium 
h y d r i d e  was n o t  f ou nd  i n  t he  l i t e r a t u r e .  However w i t h  
n - b u t y l l i t h i u m  t h e  r e a c t i o n  o f  d i p h e n y l  d i s u l f i d e  g i v e s  
m e t a l a t i o n  p r o d u c t s  a s  w e l l  a s  n - b u t y l  p h e n y l  s u l f i d e  which 




P h - S - S - P h  n— —► LiPh-S-S-PhLi (43?.) m i
P h - S - S - P h  (17.9%) 
BuH
I t  i s  b e l i e v e d  t h a t  t h e  s c i s s i o n  o i  t ne  - S - S -  Pond Dy 
n u c l e o p h i l e s  i s  o f  t h e  S^d t y p e . ^
R—S—S —R + Nu ^  R— S - N u  ♦ R2S" !12|
M i o t t i  and c o w o r t e r s 7^ c o n c l u d e d  f rom s t u d i e s  o f  t he  
a l k a l i n e  c l e a v a g e  o f  d i s u l f i d e s  t h a t  s e v e r a l  mechan i sms  a r e
46
o p e r a t i v e  d e p e n d i n g  on che s t r u c t u r a l  f e a t u r e s  01 the 
s u b s t r a t e s .  Th u s ,  t h e  c o n c u r r e n t  o p e r a t i o n  o f  more t h a n  one 
mechani sm m  the  same s y s t e m  s h o u l d  n o t  be e x c l u d e d .  A 
d i f f i c u l t y  i n  d e c i d i n g  which  mechani sm i s  o p e r a t i v e  i n  the  
c l e a v a g e  o f  d i s u l f i d e s  i s  t h a t  t he  i n i t i a l  p r o d u c t s  
(, i n t e r m e d i a t e s ) a r e  n o t  e a s i l y  i s o l a t e d  and i d e n t i f i e d .  The 
f i n a l  p r o d u c t s  can c o n c e i v a o l y  be a c c o u n t e d  f o r  Dy more 
t h a n  one mechani sm.
For  d i s u l f i d e  89 , b o t h  t h e  -SO^-  of  t h e  t o s y l  
g r o u p  and t h e  - S - S - f u n c t i o n  a r e  s u s c e p t i b l e  to h y d r i d e  
a t t a c k .  T he r e  i s  a l s o  che p o s s i b i l i t y  o r  d e p r o t o n a c i n g  t h e  
m e t h y l e n e  g r o u p .  T hu s ,  t h e  r e a c t i o n  may f o l l o w  more t h a n  
one mechan i sm.  Scheme 9 i s  t h e  p r o p o s e d  mechani sm f o r  
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Scheme 9.
P r o p o s e d  pa t h wa y  f o r  t h e  f o r m a t i o n  o f  91 .
S i n c e  compound 91_ was a p p a r e n t l y  n o t  p r o d u c e d  oy 
e n d o c y c l i c  s u b s t i t u t i o n ,  t h i s  r e a c t i o n  was n o t  i n v e s t i g a t e d  
f u r t h e r ,  b u t  one more a i s u l f i d e  which nas  no c o s y l  g r ou p  
was s y n t h e s i z e d .
An a t t e m p t  to  p r e p a r e  the  d e s i r e d  u n s y m m e t r i c a l  
d i s u l f i d e  93 was made by t h e  r e a c t i o n  o f  h - b u t y l  





S - B u
113)
I n s t e a d  o f  compound 93 , t h e  s y m m e t r i c a l  d i s u l f i d e  >4 was 
o b t a i n e d .  I t  i s  p o s s i b l e  t h a t  t h e  o - a m i n o t h i o p h e n o l  was a i r  
o x i d i z e d  t o  d i s u l f i d e  94 , o r  t h a t  t h e  u n s y m m e t r i c a l  
d i s u l f i d e  93 was formed f i r s t  f o l l o w e d  oy a t t a c n .  oy a n o t h e r  
u i o i cc u i e  o f  2 - a m i n o t h i o p h e n o l  to form d i s u l f i d e  94. . when 
d i s u l f i d e  94. was t r e a t e d  w i t h  sodium n y d r i d e  (.eq 14) ,  o n l y  
s t a r t i n g  m a t e r i a l  was o b t a i n e d .
S i n c e  amino n i t r o g e n  i s  a poor  n u c l e o p h i l e  a t  s u l f u r ,  
w h e r e a s  s u l f u r  i s  one o f  t he  b e s t  ( f i g  ? j ,  t h e r e  a r e  
a t  l e a s t  two e x p l a n a t i o n s  f o r  t h i s  r e s u l t :  ( 1 )  no r e a c t i o n  
a t  s u l f u r  tooK p l a c e  o r  (2)  t h e  p r o d u c t  95 was f ormed and 
t h e  b e t t e r  s u l f u r  n u c l e o p h i l e ,  - S ~ ,  a t t a c k e d  a t  t he
49
s u l f e n a m i d e  s u l i u r  o f  the  same or  a n o t h e r  i a e n t i c a l  
m o l e c u l e  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  t h e  s t a r t i n g  
m a t e r i a l - ^  (eq  14 ) .
(C2h5°)3P > R,HS > C2H5s' > CsH5S'>(C6H5)3P >  S03>
OH' >2,4-(N02)2C6H3S > N3> SCN,f,C6H5NH2
F i g u r e  7.




96P r y o r ' s ^  s u l f u r  n u c l e o p l i l i c i t y  l i s t  shows t h a t  a 
c a r b a n i o n  i s  h i g h e r  i n  n u c l e o p h i l i c i t y  t h a n  m e r c a p t i d e  i o n .  
T h e r e f o r e ,  an a t t e m p t  was made t o  s y n t h e s i z e  d i s u l f i d e  96 . 
With s t r o n g  b a s e ,  d i s u l f i d e  96. s h o u l d  form a c a r b a n i o n  a t  
t h e  m e t hy l  g r o u p .  A c o n s e q u e n t  r e a r r a n g e m e n t  o f  t h i s
50
compound would i n v o l v e  a s i x - m e m b e r e d  t r a n s i t i o n  s t a t e  or  
i n t e r m e d i a t e  ( eq  1 5 ) .
The s t a r t i n g  m a t e r i a l ,  2 - a m i n o t h i o p h e n o l  was
j /
m e t h y l a t e d  t o  form Z - a m i n o p h e n y 1 me t hy l  s u l f i a e ,  98 .
Then t h e  amino g r o u p  o f  s u l f i d e  98 was p r o t e c t e d  a s  an 
93a c e t a n i l i d e  b e f o r e  t h e  s u l f i d e  was o x i d i s e d  to t h e  
99s u l f o n e .  D e p r o t e c t i o n  o f  t h e  amino g r o u p  was done by 
r e f l u x i n g  t h e  s u l f o n e  i n  a q u e o u s  sodium h y d r o x i d e  ( scheme 
10 ) .
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The s y n t h e s i s  o f  2 - ami n o p h e n y l  m e t h y l  s u l f o n e .
A t t e m p t s  to c o n v e r t  s u L f o ne  101 to 2 - m e r c a p t o  p h e n y l
m e t h y l  s u l f o n e  { 102 or  d i s u l f i d e  104 were
u n s u c c e s s f u l .
F u r t h e r  i n v e s t i g a t i o n  o f  e n d o c y c l i c  n u c l e o p h i l i c
s u b s t i t u t i o n  a t  t e t r a c o o r d i n a t e  s u l f u r  was c a r r i e d  o u t  on 
/
2 - ( m e t h y l s u l f o n y i p h e n y l ) 4 - t o l u e n e s u l f o n a t e , 108 . The 
s t a r t i n g  m a t e r i a l ,  2 - m e r c a p t o p h e n o l  ( 105 ) was p r e p a r e d
52
known m e t ho ds  f rom o - a m i n o p n e n o 1 . ' ^  Then the  n e x t
s t e p s  o f  t h e  s y n t h e s i s  were c a r r i e d  o u t  a s  shown i n  scheme 
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Scheme 11.
The s y n t h e s i s  of  2 ( m e t h y l s u l f o n y l ) p h e n y l  
4 - t o l u e n e s u l f o n a t e .
S u l f o n a t e  108 was c r e a t e d  w i t h  sodium h y d r i d e  b u t  no 
r e a r r a n g e d  p r o d u c t ,  109 , was i s o l a t e d ,  i n s t e a d  
2 - h y d r o x y p h e n y l  m e t h y l  s u l f o n e  ( 110 ) 174.9% y i e l d )  
s t a r t i n g  m a t e r i a l  (2 .46%)  and sod ium 4 - t o l u e n e s u l f o n a t e  




I n  t h i s  r e a c t i o n  i t  a p p e a r s  t h a t  t h e  h y d r i d e  i on  
r e a c t e d  a s  a n u c l e o p h i l e  and a t t a c k e d  t h e  s u l f u r  o f  t h e  
t o s y i  g r o u p  t o  i orm 4 - t o l u e n e s u l f i n a t e  a n i o n .  Somehow t h i s  
s u l f i n a t e  was o x i d i z e d  to t h e  s u l f o n a t e . A t t e m p t s  to 
t r a p  a n i o n  112 by q u e n c h i n g  the  r e a c t i o n  m i x t u r e  w i t h  
m e t h y l  i o d i d e  were u n s u c c e s s f u l ;  o n l y  t h e  oxygen  m e t h y l a t e d  
s u l f o n e  111 was f o un d  a l o n g  w i t h  t h e  4 - t o l u e n e  s u l f o n i c  
a c i d .  S u l f o n a t e  108 was a l s o  r e a c t e d  w i t h  LDA; o n l y  the  
s t a r t i n g  m a t e r i a l  was r e c o v e r e d .  S i n c e  no c o l o r  c han ge  
o c c u r r e d  in  t h e  r e a c t i o n  m i x t u r e  and no c a r b a n i o n  112 was 
t r a p p e d  by m e t h y l  i o d i d e ,  we assume t h a t  no a n i o n  was 
f o r m e d .
✓
N-me t h y l - N - ( 2 - a m i n o b e n z y i  )- 4 - t o l u e n e s u l f o n a m i d e  (. 116 )
was s y n t h e s i z e d  a s  shown i n  scheme 12 .  B r o m i n a t i o n  o f  
2 - n i  t r o t o l u e n e  w i t h  h - b r o m o s u c c i n a m i d e ^ ^  ’ gave  
2 - n i t r o b e n z y 1 b r o mi d e  wh i ch  was t h e n  t r e a t e d  w i t h  N- me t hy l  
4 - t o l u e n e s u l f o n a m i d e  i n  t h e  p r e s e n c e  o f  p o t a s s i u m  h y d r o x i d e
54
/
t o  form h - m e t h y 1 - N - ( 2 - n i t r o b e n z y 1 ) - 4 - to  1u e n e s u l I o n
a m i d e . h - m e t h y l  4 - t o l u e n e s u l f o n a m i d e  was s y n t h e s i z e d
1 03f rom m e t h y l a m i n e  and 4 - t o l u e n e s u i f o n y i  c h l o r i d e .
c C H 3C '
s o x i
' a q 
CH, NH,NBS
CCI







S y n t h e s i s  o f  N - m e t h y l - N - ( 2 ' - a m i n o b e n z y l ) 
4 - t o l u e n e s u i f  o n a m i d e .
h i  t r o s u l f o n a m i d e  115 was r e d u c e d  to the
a m i n o s u l f o n a m i d e  116 u s i n g  t i n  and 10# h y d r o c h l o r i c  a c i d  i n  
1 095 0% y i e l d .  ^ A b e t t e r  y i e l d  (80#)  was o b t a i n e d  u s i n g  
s t a n n o u s  c h l o r i d e  and a s m a l l  amount  o f  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d .  S u l f o n a m i d e  116 was t r e a t e d  w i t h
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n - b u t y l l i t h i u m  ( 3 - 4  e q u i v a l e n t s )  in  'IHF a t  0 ° .  A b r i g h t  
r e d - o r a n g e  c o l o r  a p p e a r e d  a f t e r  20 m i n u t e s .  Upon workup ,  6 
s p o t s  were o b s e r v e d  on TLC. by c h r o m a t o g r a p h y  on 
p r e p a r a t i v e  s i l i c a  p l a t e s ,  two compounds were i s o l a t e d :  
2 - p e n t y l  a n i l i n e  ( 1 1 9 ) i n  1 5- 2 0  p e r  c e n t  y i e l d  and N- met hy l  
4 - t o l u e n e s u l f o n a m i d e  ( 12 0)  i n  25 p e r  c e n t  y i e l d .  No t r a c e  
o f  r e a r r a n g e m e n t  p r o d u c t  121 was f o u n d .  The two i s o l a t e d  
p r o d u c t s  s u g g e s t  t h a t  an e l i m i n a t i o n - a d d i t i o n  mechanism i s  
b e i n g  f o l l o w e d  f o r  a t  l e a s t  p a r t  o f  t he  r e a c t i o n  (scheme 
1 3 ) .
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Scheme 13-
The pa t hway  of  e l i m i n a t i o n - a d d i t i o n  of  N - m e t h y l -  
N - ( 2 ’ -ami  n o b e n z y l ) - 4 - t o l u e n e s u l f o n a m i d e  .
110Anion 117 was f o rmed  by n -BuLi  d e p r o t o n a t i o n  o f  
t h e  amino g r o u p  f o l l o w e d  by 1 , 4 - e l i m i n a t i o n  w i t h  c o n s e q u e n t
5b
f o r m a t i o n  o f  118 and i \ i -methyl  4 - t o l u e n e s u l f o n a m i d e  a n i o n ,  
n - b u t y l l i t h i u m  chen a dded  t o  118 t o  g i v e  119 • t r a p p i n g  o f  
a n i o n  117 was done by a d d i n g  me th y l  i o d i d e  to the  r e a c t i o n  
m i x t u r e  a s  soon a s  t h e  b r i g h t  r e d  c o l o r  a p p e a r e d .  
N - S u b s t i t u t e d  s u l f o n a m i d e  122 and 123 were i s o l a t e d .
The e l i m i n a t i o n - a d d i t i o n  r e a c t i o n  of  s u l f o n a m i d e  11b 
was q u i t e  i n t e r e s t i n g ,  so we i n v e s t i g a t e d  i t  f u r t h e r  by 
s y n t h e s i z i n g  s u l f o n a m i d e s  124 -  1 2 /  and t h e n  t r e a t i n g  them 
w i t h  n - BuLi  ( eq  1 b - 1 9 j .
^ C H 2—N —Ts
H2N 124
Hr N —Ts ,o 2n h c h 3
(16)
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f H 3 




H ,-N —2 N Ts rvBuLi
1 2 6
d e c o m p o s e d






H r-N -T s
r>BuLi
('H n / ,
127
0,Lih - n h - c h
S u l f o n a m i d e  124 r e a c t e d  i n  the  same way a s  d i d  
s u l f o n a m i d e  116 (eq  2b)  e x c e p t  by 1 , 6 -  r a t h e r  t h an  
1 , 4 - e l i m i n a t i o n .  Then a d d i t i o n  o c c u r r e d  t o  g i v e  N- me t hy l  
4 - t o i u e n e s u l f o n a m i d e  a n d . 4 - p e n t y l a n i 1i n e  126 . R e a c t i o n  o f  
12b and 127 w i t h  n -BuLi  t o o k  a d i f f e r e n t  c o u r s e .  The t o s y l  
g r o u p  was e l i m i n a t e d  by p> - e l i m i n a t i o n  and N-S bona 
c l e a v a g e  o c c u r r e d  a s  shown by eq 20.  Compounds 129 and 130 
were  fo rmed  by a d d i t i o n  o f  n -BuLi  t o  t h e  c o r r e s p o n d i n g  
i m i n e s .  In  b o t n  c a s e s ,  a t t e m p t s  co t r a p  che i m i n e s  w i t h  
t h i o p h e n o l  were u n s u c c e s s f u l .
o3
r r " " ^ T —  n ^ H' " CHi (*o)
+ To I S 0 2
1 2 9 , X =- H 
1 3 0  x  -  N (M e).
S u l f o n a m i d e  1 p1 was s y n t h e s i z e d ;  when i t  was t r e a t e d  
w i t h  n - BuLi  no t r a c e  o f  t h e  h o p e a - f o r  r e a r r a n g e m e n t  p r o d u c t  
1 d2 was d e t e c t e d  (TLC and c r u d e  H i\UMR). Mo i u r t h e r  
workup o f  t h e  r e a c t i o n  m i x t u r e  was a t t e m p t e d  ( eq  2 1 ) .





The d i s u l f i d e s  p r e p a r e d  f o r  i n v e s t i g a t i o n  were  n o t  good 
model  compounds  f o r  t h e  s t u d y  of  e n d o c y c l i c  n u c l e o p h i l i c  
s u b s t i t u t i o n  a t  d i c o o r d i n a t e  s u l f u r ( I I ) .  Upon t r e a t m e n t  w i t h  
b a s e  t o  c r e a t e  an a n i o n i c  n u c l e o p h i l i c  c e n t e r ,  r e a c t i o n  
p r o d u c t s  were f o r me d  whose o r i g i n s  were n o t  r e a d i l y  
a t t r i b u t a b l e  t o  e n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n  
p r o c e s s e s  .
I n  o r d e r  t o  s t u d y  e n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n  
a t  t e t r a - c o o r d i n a t e  s u l f u r ( V I ) ,  2 ' - ( m e t h y l s u l f o n y l p h e n y l ) 
4 - t o l u e n e s u l f o n a t e  (108)  and N - m e t h y l - N - ( 2 ' -ami  n o b e n z y l ) -  
4 - t o l u e n e s u l f o n a m i d e  ( 1 1 6 ) ,  b o t h  o f  which a p p e a r e d  c a p a b l e  
o f  u n d e r g o i n g  e n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n  v i a  
c y c l i c  s i x - m e m b e r e d  t r a n s i t i o n  s t a t e s  o r  i n t e r m e d i a t e s ,  were 
p r e p a r e d .  N e i t h e r  p r o d u c e d  t h e  h o p e d - f o r  r e a r r a n g e m e n t  
p r o d u c t s  upon  t r e a t m e n t  w i t h  b a s e ,  bu t  gave  r i s e  t o  p r o d u c t s  
h a v i n g  t h e i r  o r i g i n  i n  e l i m i n a t i o n ' .  P e r h a p s  t h e  d e s i r e d  
i n t r a m o l e c u l a r  r e a c t i o n  d i d  n o t  o c c u r  b e c a u s e  p r o p e r  
a l i g n m e n t  of  t h e  n u c l e o p h i l e  w i t h  t h e  s u l f u r  atom c o u l d  n o t  
be a t t a i n e d  or  t h e  t r a n s i t i o n  s t a t e  o r  i n t e r m e d i a t e  was of  
h i g h  e n e r g y .  Even t h o u g h  s u l f u r  does  form i s o l a b l e  
s u l f u r a n e s ,  and p r e s u m a b l y  s h o r t  l i v e d  n o n - i s o l a b l e  
s u l f u r a n e s  as  w e l l ,  t h e r e  a r e  no r e p o r t s  of  a s t a b l e  
s p e c i e s ,  f o r m a l l y  a r i s i n g  f rom t e t r a c o o r d i n a t e  s u l f u r ( V I ) ,  
which  h as  t h e  s u l f u r  atom i n c o r p o r a t e d  i n t o  a s i x - m e m b e r e d  
r i n g .  S t a b l e  s u l f u r a n e s  h a v i n g  f i v e - m e m b e r e d  r i n g s  s p a n n i n g  
a p i c a l  and e q u a t o r i a l  p o s i t i o n s  a r e  known.
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R e a c t i o n s  which a p p e a r  t o  be e x a m p l e s  of e n d o c y c l i c  
n u c l e o p h i l i c  s u b s t i t u t i o n  a t  t e t r a c o o r d i n a t e  s u l f u r ( V I )  a r e
3  Li 3  5  3  6
f o u n d  i n  t h e  work of  C l o s s o n J and H e l l w i n k e l . ’ ^
They i n d e p e n d e n t l y  o b s e r v e d  t h a t  t h e  a r e n e s u l f o n y l  g r o up  of
an N - a r y l  a r e n e s u l f o n a m i d e  m i g r a t e d  i n t r a m o l e c u l a r l y  f rom
t h e  n i t r o g e n  atom t o  a p o s i t i o n  o r t h o  t o  t h e  n i t r o g e n  of  t h e
a r y l  r i n g  when t h e  s u l f o n a m i d e  was t r e a t e d  w i t h
o r g a n o l i t h i u r n s , b a s e s  which c r e a t e d  a n u c l e o p h i l i c  s i t e  a t
t h e  m i g r a t i o n  t e r m i n u s .  P r e s u m a b l y ,  t h i s  r e a r r a n g e m e n t ,
which i s  q u i t e  g e n e r a l ,  p r o c e e d s  v i a  a f o u r - c e n t e r e d  c y c l i c
i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e .  A n d e r s e n ^  o b s e r v e d
t h a t  2 - a m i n o a r y l  a r e n e s u l f o n a t e s  r e a r r a n g e d  i n t r a m o l e c u l a r l y
t o  N - ( 2 - h y d r o x y a r y l ) a r e n e s u l f o n a m i d e s  by m i g r a t i o n  of  t h e
s u l f o n y l  g r o u p  f rom oxygen t o  n i t r o g e n  when t h e s e  e s t e r s
were  t r e a t e d  w i t h  l i t h i u m  b a s e s .  But t h e s e  r e a c t i o n s  may
a c t u a l l y  p r o c e e d  v i a  an e l i m i n a t i o n - a d d i t i o n  pa t hway
r a t h e r  t h a n  t h r o u g h  t h e  d e s i r e d  f i v e - m e m b e r e d  c y c l i c
t r a n s i t i o n  s t a t e s  or  i n t e r m e d i a t e s  and so  n o t  be e x a m p l e s  of
e n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n .
A r e a d i l y  a p p a r e n t  e x p l a n a t i o n  i s  n o t  f o r t h c o m i n g  t o  
a c c o u n t  f o r  t h e  d i f f e r e n c e  i n  r e a c t i o n  p a t h w a y s  b e t w ee n  
t h o s e  which  f o l l o w  and t h o s e  which  do n o t  f o l l o w  t h e  
e n d o c y c l i c  p a t h w a y .  P e r h a p s  a f o u r - m e m b e r e d  r i n g  i s  b e t t e r  
a c c o m o d a t e d  or  more r e a d i l y  a c h i e v e d  i n  t h e  a p i c a l  and 
e q u a t o r i a l  p o s i t i o n s  of  a t r i g o n a l  b i p y r a m i d ,  t h e  g e o m e t r y  
o f  t h e  p r esumed  s u l f u r a n e  i n t e r m e d i a t e  o r  t r a n s i t i o n !  s t a t e ,
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t h a n  a r e  f i v e -  o r  s i x - m e m b e r e d  r i n g s .  Ye t ,  i t  s h o u l d  be
remembered t h a t  i n  one  of  H e l l w i n k e l ' s  e x a m p l e s ,  t h e
i n t e r m e d i a t e  s u l f u r a n e  has  two r i n g s ,  one f i v e -  and one
1 ^5f o u r - m e m b e r e d . In  a n a l o g o u s  p h o s p h o r u s  c h e m i s t r y ,  a 
f i v e - m e m b e r e d  r i n g  has  been p o s t u l a t e d  as an i n t e r m e d i a t e  i n  
a p o s s i b l e  c a s e  of  e n d o c y c l i c  s u b s t i t u t i o n .  T h e r e f o r e ,  i t  
may s i m p l y  be ,  and t h i s  seems more l i k e l y ,  t h a t  i n  t h e  f i v e -  
and s i x - m e m b e r e d  c a s e s ,  p a t h w a y s  l o w e r  i n  a c t i v a t i o n  e n e r g y  
t h a n  t h e  s u b s t i t u t i o n  p r o c e s s  e x i s t ;  e . g . ,  e l i m i n a t i o n  
p a t h w a y s ,  w h e r e a s  i n  t h e  f o u r - m e m b e r e d  c a s e s  t h e y  do n o t .  
C o n s e q u e n t l y ,  s u b s t i t u t i o n  i s  o b s e r v e d  i n  t h e  l a t t e r ,  and 
e l i m i n a t i o n  i n  t h e  f o r m e r .
F u r t h e r  work i n  t h i s  a r e a  w i l l  be d e s c r i b e d  i n  t h e
Ph.D.  t h e s i s  o f  De br a  M a c l n t y r e - Z o l l e r .
PART II
Synthesis of 5-Tosyl-1.2.3-Benzoxathiazole-2.2-Dioxide 
and Its Reactions with Nucleophiles
In  t h e  p r e v i o u s  s t u d y  o f  t h e  r e a r r a n g e m e n t  o f
2 - a m i n o a r y l  a r e n e s u l f o n a t e s  co N - ( 2 - h y a r o x y a r y l ;
i>7a r e n e s u l f o n a m i a e s , two mechan i s ms  were p r o p o s e d :  
e l i m i n a t i o n - a d d i t i o n  ( a ) ,  and e n d o c y c l i c  n u c l e o p h i l i c  
s u b s t i t u t i o n  l b )  (.scheme 1 4 ) .
Scheme 14.
P r o p o s e d  mech an i s ms  f o r  t h e  r e a r r a n g e m e n t  of  2 - a m i n o a r y l  
a r e n e s u l f  o n a t e s .
I f  p a t h  b were b e i n g  f o l l o w e d ,  a c y c l i c  i n t e r m e d i a t e  
o r  t r a n s i t i o n  s t a t e ^  134 would be e x p e c t e d .  I t  was
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s u g g e s t e d  by a r e f e r e e  t h a t  che c y c l i c  s u l f a m a t e  1q5 c o u l d  
be s y n t h e s i z e d  and t h e n  t r e a t e d  w i t h  p n e n y l l i t h i u m  to g i v e  
134 which  would p r o b a b l y  De u n s t a b l e  and g i v e  r i s e  to 155 
( scheme  1 5 ) .  vv'e f e l t  i t  would be d e s i r a b l e  t o  remove tne  
a c i d i c  h y d r o g e n  of  135 by m e t h y l a t i o n  a t  t h e  n i t r o g e n  t o  
g i v e  136 . I f  136 g ave  138 on r e a c t i o n  wi t h  an a r y l l i t h i u m  
r e a g e n t ,  t h i s  would p r o v i d e  s u p p o r t  f o r  t h e  e n d o c y c l i c  
pa t hway  b f o r  t h e  r e a r r a n g e m e n t  o u t l i n e d  i n  scheme 14.
Ar











The p r o p o s e d  s y n t h e s i s  of  t h e  h y p o t h e t i c a l  i n t e r m e d i a t e  i n  
t h e  r e a r r a n g e m e n t  of  2 - a m i n o a r y l  a r e n e s u l f o n a t e s .
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I n  t h e  l i r s t  a t t e m p t e d  s y n t h e s i s  o f  c y c l i c  s u l f a m a t e  
155 , o - a m i n o p n e n o l  was t r e a t e d  w i t h  t h i o n y l  c h l o r i d e  (eq 
2 2 ) .  The r e a c t i o n  m i x t u r e  t u r n e d  b l acK a l t e r  t w e n t y  
m i n u t e s ,  c h a n g i n g  th e  t e m p e r a t u r e  to - I d 0 o r  to room 
t e m p e r a t u r e ,  u s i n g  Hexane o r  d i c h l o r o m e t h a n e  a s  s o l v e n t ,  
and s u b s t i t u t i n g  s u l f u r y l  c h l o r i d e  l o r  t h i o n y l  c h l o r i d e  a i l  
r e s u l t e d  i n  black,  r e a c t i o n  m i x t u r e s .  The r e a c t i o n  was 
f o l l o w e d  by TLC. The maj or  s p o t  was s t a r t i n g  m a t e r i a l .  An 
o t h e r  s p o t ,  which  had an R^ . n i g n e r  t h a n  t h a t  o f  the  
s t a r t i n g  m a t e r i a l ,  d i s a p p e a r e d  a f t e r  w o r k i n g  up t h e  b l a c k  
r e a c t i o n  m i x t u r e .
An a t t e m p t  to p r e p a r e  156 was made u s i n g
2 - ( N - m e t n y l ) a m i n o p h e n o l  wnich  was s y n t n s i z e d  a s  snown i n  
t h e  scheme T r e a t m e n t  UiP w i t h  t h i o n y l  c h l o r i d e
l e a d  to  a b l a c k  r e a c t i o n  m i x t u r e ,  no workup o f  t h i s  was 
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S y n t h e s i s  o f  2 - ( N - m e t h y l ) a m i n o p h e n o l .
By h e a t i n g  2 - ( N - t o s y l ) a m i n o p h e n o l  w i t h  t h i o n y l
115c h l o r i d e ,  Cupuano and c owor Ker s  ^ o b t a i n e d
3 - t o s y l - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 - o x i d e  1^2 i n  85 pe r  c e n t  
y i e l d .  C y c l i c  s u l f a m a t e  145 was s y n t h e s i z e d  f rom 145 by 







S y n t h e s i s  of  3 - t o s y l - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e .
A f t e r  many t r i a l s  w i t h  t he  o x i d i z i n g  a g e n t s  p o t a s s i u m  
p e r m a n g a n a t e ,  p e r o x y t r i f l u o r o a c e t i c  a c i d  and  m - c h i o r o  
p e r b e n z o i c  a c i d ,  t he  b e s t  o x i d i z i n g  a g e n t  f o r  c o n v e r t i n g  
142 to  143 was fo un d  to De m - c h l o r o p e r b e n z o i c  a c i d  in  d ry  
c h l o r o f o r m .  Tne o f  142 and 143 a r e  s i m i l a r  which 
makes t h e i r  s e p a r a t i o n  by c h r o m a t o g r a p h y  d i f f i c u l t .
Compound 143 c o u l d  be s e p a r a t e d  f rom 142 u s i n g  a m i x t u r e  o f  
h e x a n e ,  e t h y l  a c e t a c e  and THF ( 7 5 : 2 0 : 5 #  by v o l u m e ) .  S i l i c a  
g e l  column c h r o m a t o g r a p h y  l e d  to an i s o l a t e d  y i e l d  of  
4 0 - 4 5 # .  L a t e r  145 was s y n t h e s i z e d  by t he  r e a c t i o n  o f
2 - ( N - t o s y l ) a m i n o p h e n o l  ( 141 ) w i t h  s u l f u r y l  c h l o r i d e  i n  
t h e  p r e s e n c e  o f  t r i e t n y l a m i n e 1^  ( scheme 1 7 ) .  i f  f r e s h l y
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d i s t i l l e d  s u l f u r y l  c h l o r i d e  and d r y  t r i e t n y i a m i n e  in d r y  
d i c h l o r o m e t h a n e  was u s e d ,  t h e  r e a c t i o n  was c l e a n  and 
p r o c e e d e d  i n  good y i e l d  1, 70-75#) .
The r e  a r e  a t  l e a s t  t h r e e  i n i t i a l  ways f o r  c y c l i c  
s u l f a m a t e  143 t o  r e a c t  w i t h  a n u c l e o p h i l e  ( scheme 1 3 ) :  (1)  
n u c x e o p n i l i c  at taCK.  a t  r i n g  s u l f u r  w i t h  S-N bond c l e a v a g e ,  
( 2)  n u c l e o p h i l i c  a t t a c h .  a t  r i n g  s u i f u r  w i t h  o-O Dond 
c l e a v a g e  and ( 3)  n u c l e o p h i l i c  a t t a c k  a t  s u l f u r  o f  t he  t o s y l  









Some p o s s i b l e  pa t h wa y s  f o r  t h e  r e a c t i o n  o f
3 - t o s y l - 1 , 2 , 3 - b e n z o x a t h i a ^ o l e - 2 , 2 - d i o x i d e  w i t h  n u c l e o p h i l e s .
o 8
The r e s u l t s  o f  t he  r e a c t i o n s  o f  c y c l i c  s u i f a m a t e  149 





^ S 0 2Ph
CH,Li  2— &.
KF
1 4 4  + 145
^SOzCHjSOz
i ^ V 8 V
147
C C
1 4 8 a
145
N D S O r N H CH 3
-NH
/ ^ X N H - T s
^ ^ M > S 0 2-NH-
1 4 8 b
: C t >
Ts
1 4 9  _
—  Ts
N g Q  | ■ ■
^ . n h - ts
C C h
151
N a O H r Y NH"Ts
T ^ 9 o s o ,h
( 2 3 )
(2 4 )
( 2 5 )
(2 6 )
O , ( 2 7 )
^ x S O , 0 - C H ,  ll-CH,




The r e a c t i o n  of  3 - t o s y l - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  
w i t h  n u c l e o p h i l e s .
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The i s o l a t i o n  o f  p h e n y i  p - t o l y i  s u i f o n e  144 ) ,  
d i t o s y l r a e t h a n e  i 146 ) ,  and 4 - t o l u e n e s u l f o n y l  f l u o r i d e  
( 147 ) f rom t ne  r e a c t i o n  o f  143 w i t h  p n e n y 1 1 i c h i  urn, 
m e t h y i l i t h i u m  and p o t a s s i u m  f l u o r i d e ,  r e s p e c t i v e l y  ( e q s  23 ,  
24 and 2 5 ) ,  d e m o n s t r a t e d  t h a t  t h e s e  r e a c t i o n s  o c c u r r e d  v i a  
p a t hw ay  3 ( scneme 1 8 ) .  The n u c l e o p h i l e s  a t t a c k e d  a t  s u l f u r  
o f  the  t o s y f  g r o u p  and N-S bond c l e a v a g e  o c c u r r e d .  T r i g o n a l  
u i p y r a m i d  152 may De an i n t e r m e d i a t e  i n  t h e s e  r e a c t i o n s  
(.scneme 2 0 ) .
Nu
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R e a c t i o n  of  p h e n y l l i t h i u m , m e t h y i l i t h i u m  and p o t a s s i u m  
f l u o r i d e  w i t h  c y c l i c  s u i f a m a t e  14.3 .
h u c l e o p n i l i c  s u b s t i t u t i o n  a t  s u l f u r  o f  a t o s y l  g r o u p
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i s  n o t  an uncommon r e a c t i o n .  For  e x a m p l e ,  i t  was 
115r e p o r t e d  J r e c e n t l y  t h a t  r e a c t i o n  o f  5 - p h e n y l p r o p y l  
b e n z e n e s u l f o n a t e  w i t h  p o t a s s i u m  amide in  l i q u i d  ammonia 
gave  3 - p h e n y l - 1 - p r o p a n o l  and o e n z e n e s u l f o n a m i d e  (.eq 3 1 ; .
oso //
KNH2 
liq n h ^
o 2n h 2
(3 1 )
I n  t h e  c a s e  o f  t h e  r e a c t i o n  o f  143 w i t h  m e t h y i l i t h i u m ,  
t h e  d i t o s y l m e t h a n e  may have been  fo rmed  a s  shown i n  scheme 
2 1 .  Compound 143 I s e e  scheme 1y)  was a l s o  as sumed t o  be 
f o r m e d ,  b u t  a t t e m p t s  t o  t r a p  i t  by a d d i n g  m e t h y l  i o d i d e ,  
d i m e t h y l  s u l f a t e ,  o r  m e t hy l  4 - t o l u e n e s u l f o n a t e  were 
u n s u c c e s s f u l .  I t  may have h y d r o l y z e d  t o  o - a m i n o p h e n o l  o r  
2 - N - m e t n y l a m i n o p h e n o l  i n  t h e  w a t e r  l a y e r  which  t u r n e d  b l a c k  
upon s t a n d i n g ,  i t  i s  a l s o  c o n c e i v a b l e  t h a t  145 c o u l d  nave 





Pa thway  f o r  t h e  r e a c t i o n  of  143 w i t h  m e t h y i l i t h i u m .
R e a c t i o n  o f  143 w i t h  sod ium m e t h o x i d e  ( eq  2 8 ,  scheme 
19)  showed t h a t  b o t h  N-S bonds  were c l e a v e d .  Methyl
4 - t o l u e n e s u i f o n a t e  (, 149 ) r e s u l t e d  f rom t h e  a t t a c k  o f  
m e t h o x i d e  a n i o n  a t  s u l f u r  o f  t h e  t o s y l  g r o u p  w n e r e a s  
2 - t N - t o s y l )  a m i n o p h e n o l  ( 151 ) and 2-(. N- me th y l -N  
- t o s y l  ) a m i n o p h e n o l  (, 150 ) r e s u l t e d  f rom r i n g  N-S bond 
c l e a v a g e  ^scheme 2 2 ) .  P r e s u m b l y  149 o r  153 m e t h y l a t e d  
n i t r o g e n  t o  e v e n t u a l l y  y i e l d  150 . S t a r t i n g  m a t e r i a l  was 
r e c o v e r e d  i n  q u a n t i t a t i v e  y i e l d  when 143 was t r e a t e d  w i t h  
s od ium t e r t - b u t o x i d e  (,eq 2 9 ) .  P e r h a p s  no o r  a t  l e a s t  s low 
r e a c t i o n  o c c u r r e d  b e c a u s e  o f  s t e r i c  h i n d r a n c e  of  t h e  
s o d i u m - t e r t - b u t o x i d e  o r  t h e  low s o l u o i l i t y  o f  t e r t - b u t o x i d e  
i n  THF.
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Scheme 22.
R e a c t i o n  of  3 - t o s y l - 1 , 2 , 3 - b e n z o x a t h i z o l e - 2 , 2 - d i o x i d e  w i t h  
sod ium m e t h o x i d e .
The r e a c t i o n  o f  c y c l i c  s u i f a m a t e  143 w i t h  m e t h y l a m i n e  
and t e r t - b u t y l a m i n e  i n  a q u e o u s  a c e t o n i t r i l e  s o l u t i o n  gave  
o n l y  r i n g  S-N Dond c l e a v a g e  ( e q s  26 and 2 7 ,  scheme 1 9 ) .  
P e r h a p s  b e c a u s e  o f  a s t e r i c  e f f e c t ,  t e r t - b u t y l a m i n e  r e a c t e d  
s l o w l y  w i t h  149 and gave  p r o d u c t  14 8 b w i t h  r e c o v e r y  o f  
s t a r t i n g  m a t e r i a l ,  w h e r e a s  m e t h y l a m i n e  r e a c t e d  more r a p i d l y  
and gave  o n l y  148a and no r e c o v e r e d  s t a r t i n g  m a t e r i a l ,  i n
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t h i s  c a s e ,  any  d i f f e r e n c e s  i n  s t e r i c  e f f e c t  oe twe en  t ne  
n u c l e o p h i l e s  d i d  n o t  c a u s e  any c hange  i n  t he  p o s i t i o n  o f  
bond c l e a v a g e .
When c y c l i c  s u i f a m a t e  143 was r e a c t e d  w i t h  a q u e o u s  
sod ium h y d r o x i d e ,  2 - ( N - t o s y 1 ) a m i n o p h e n o l  was o b t a i n e d  a f t e r  
a c i d  workup,  by a d d i n g  b a r i u m  c h l o r i a e  s o l u t i o n  to the 
r e a c t i o n  m i x t u r e ,  an a c i d  i n s o l u b l e  w h i t e  p r e c i p i t a t e  o f  
b a r i u m  s u l f a t e  was f o rmed  wnich showed t h a t  s u l l a t e  a n i o n  
was a l s o  p r o d u c e d  i n  t he  h y d r o l y s i s .  P a t h w a y s  1 and 2 i n  
scheme 18 a r e  p o s s i b l e  r o u t e s  f o r  the  a l k a l i n e  h y d r o l y s i s  
o f  c y c l i c  s u i f a m a t e  143 . i \ l - t o s y l a n i  1 i d e  and p h e n o x i d e  a r e  
b o t h  good l e a v i n g  g r o u p s ,  so i t  would be i n t e r e s t i n g  t o  
know i f  N-S o r  0 - 8  bond c l e a v a g e  or  b o t h  o c c u r r e d .  I f  b o t h
S— 0 and 8 -N bonds  were c l e a v e d ,  f o u r  e q u i v a l e n t s  o f  sodium 
h y d r o x i d e  would be n e e d e d  to c o m p l e t e  t he  r e a c t i o n  (.eq 3 2 ) .
Is  Ts
Na + S 04 + 2 Na
- o n ;  * * h 2°  (3 2 }
A s p e c t r o p h o t o m e t r i c  t i t r a t i o n  was c a r r i e d  o u t  t o  l i n d  the 
amount  o f  b a s e  used  i n  i t s  r e a c t i o n  w i t h  c y c l i c  s u i f a m a t e  
143 ( f i g  8 ) .  Only two e q u i v a l e n t s  o f  sod ium h y d r o x i d e  were 
u s e d ,  so o n l y  one bond was c l e a v e d .  Which bond was c l e a v e d -
t h e  3 - 0  o r  t h e  S-N b o n d -  c o u l d  n o t  be d e t e r m i n e d  by c h i s  








0  .■■■' ■= i.i b S  t  r  d + 0
F i g u r e  8 .
T i t r a t i o n  c u r v e  of  143 and  NaOH.
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1 5 5
The p r o d u c t  s u l f o n a t e  s a l t ,  154 o r  155 , was a l s o  i s o l a t e d  
and i t s  C,H and N a n a l y s i s  s u p p o r t e d  t h e  c o r r e c t  e m p i r i c a l  
f o r m u l a .  Model compounds  15b , 157 and 156 were s y n t h e s i z e d  
i n  o r d e r  t o  compare  t h e i r  a b s o r b a n c e s  w i t h  t he  p r o d u c t ,  
e i t h e r  154 o r  155 . The r e s u l t s  a r e  g i v e n  i n  f i g  9.
1 4 3 ,1 5 6 ^ 5 7 ^ 1 5 8  + NaOH




\ ^ - o c h 3 M
156 157 158 143
X m a 299.0 301.0 284.0 284.2
( n m )
Cx
— 234.6 24 5.0 24 2.0
e  x io oo 4.89 4.62 4.62
F i g u r e  9.
A. max of  compounds 143 and 156 - 158 + NaOH, s o l v g n t  83-3%
H2 0,  0 .05N NaOH, s u b s t r a t e  c o n c e n t r a t i o n  6 . 1 5  x 10 mol .
A l l  f o u r  compounds ,  145 and 156 -  158 , a t  t h e  same 
c o n c e n t r a t i o n s , were t r e a t e d  w i t h  0 . 05N sod ium h y d r o x i d e  
u nd e r  t h e  same c o n d i t i o n s .  The a b s o r b a n c e  of  h y d r o l y z e d  
c y c l i c  s u i f a m a t e  143 i n  sodium h y d r o x i d e  s o l u t i o n  i s  c l o s e  
t o  t h e  a b s o r b a n c e  o f  model  compound 158 , so i t  i s  l i k e l y  
t h a t  t h e  c l e a v a g e  o f  t h e  r i n g  S-N bond o c c u r r e d  and 143 l e d  
t o  154 a s  t h e  p r o d u c t .
116G o r e n s t e i n  and c o w o r k e r s  s u g g e s t e d  t h a t  the  
d r a m a t i c  d i f f e r e n c e  b e t we en  P- 0  bond and P-N bond c l e a v a g e
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i n  c y c l i c  p h o s p h o n a m i d a t e s  159 and 160 c o u l d  a r i s e  f rom 
s t e r e o e l e c t r o n i c  e f f e c t s .  The se  s t e r a o e l e c t r o n i c  e f f e c t s  
i n v o l v e  t he  s e l e c t i v e  c l e a v a g e  o r  f o r m a t i o n  o f  oonas  whic 
a r e  t r a i l s  o r  a n t i p e r i p l a n a r  (.app) to l o n e  e l e c t r o n  p a i r s  
d i r e c t l y  oonded oxygen  and n i t r o g e n  a t o ms  l sche me  2 5 ; .
^ N - P h
C H f Y '  \
159
CH
< > p -0  CLEAVAGE
Ph
p h /  \
1 6 0 1 6 2
PhN
1 6 3




R e a c t i o n  of  c y c l i c  p h o s p h o n a m i d a t e s  w i t h  sod ium h y d r o x i d e .
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P h o s p h o r a n e  161 , fo rmed  by n y d r o x i d e  a t t a c n .  a t
t e t r a h e d r a l  p h o s p h o r u s  o p p o s i t e  co th e  r i n g  oxygen o f  159 , 
h a s  two l o n e  e l e c t r o n  p a i r s  on t h e  oxygen  a n t i p e r i p l a n a r  to 
t h e  a p i c a l  e s t e r  oond .  t h i s  r e a r r a n g m e n c  l a c i l i a t e s  r i n g  
P - 0  bond c l e a v a g e .  P h o s p h o r a n e  163 fo rmed  oy h y d r o x i d e
a t t a c K  o p p o s i t e  to t h e  r i n g  oxygen of  160 has  o n l y  one l o n e
e l e c t r o n  p a i r  a n t i p e r i p l a n a r  to t h e  a p i c a l  r i n g  o xy ge n .  
However ,  h y d r o x i d e  a t t a c h  o p p o s i t e  to t h e  n i t r o g e n  atom
y i e l d s  p h o s p h o r a n e  162 i n  which  the  a p i c a l  n i t r o g e n  i s
a n t i p e r i p l a n a r  t o  two oxygen  l o n e  p a i r s .  T h u s ,  P-N r a t n e r  
t h a n  P - 0  Dond c l e a v a g e  i s  s t e r e o e l e c t r o n i c a 1 l y  l a v o r e d  in
1 i  r  1 "1 7
t h e  h y d r o l y s i s  o f  160 . ’ i n  p h o s p n o r a n e  s y s t e m s ,
t h e  l o n e  e l e c t r o n  p a i r  o f  a n i t r o g e n ,  wh i ch  i s  i n  t h e
e q u a t o r i a l  p o s i t i o n ,  i s  f a v o r e d  to l i e  i n  the  e q u a t o r i a l
11'"$p l a n e  o f  the  p h o s p h o r a n e  ( f i g  1 0 ) .  i n e  same may be 
t r u e  o f  o x y g e n ,  b u t  i t  ha s  two l o n e  p a i r s ,  one o f  which  
w i l l  l i e  i n  t h e  a p i c a l  d i r e c t i o n .  A l s o ,  more 
e l e c t r o n e g a t i v e  l i g a n d s  w i l l  as sume t h e  a x i a l  p o s i t i o n  i n  
t r i g o n a l  o i p y r a m i d a l  s t r u c t u r e s . ^ ^
favored
F i g u r e  10.
F a v o r e d  p o s i t i o n  of  t h e  l o n e  p a i r  of  n i t r o g e n  i n  
p h o s p h o r a n e .
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A p p l y i n g  tne  abov e  a s s u m p t i o n  i n  o r d e r  co e x p l a i n  
t h e  r e a c t i v i t y  o f  t h e  c y c l i c  s u i f a m a t e  143 , a c r i g o n a i  
o i p y r a m i d a l  s t r u c t u r e  a n a l o g o u s  to  t h e  p n o s p h o r a n e s  i s  









S u l f u r a n e  164 was fo rmed  by n u c l e o p h i l i c  a t t a c k  o p p o s i t e  to
the  r i n g  n i t r o g e n .  T h re e  l o n e  e l e c t r o n  p a i r s  m  164 a r e
a n t i p e r i p l a n a r  t o  the  r i n g  b-N bond,  i n  163 two l o ne
e l e c t r o n  p a i r s  on o xygen  a r e  a n t i p e r i p l a n a r  t o  t h e  a p i c a l
b- 0  oond w h e r e a s  t h e  l o n e  p a i r  o f  t h e  e q u a t o r i a l  n i t r o g e n
1 i Ho f  165 i s  c o n j u g a t e d  w i t h  t h e  oe nz an e  r i n g .  Thus ,
S-N bond c l e a v a g e  w i l l  be f a v o r e d  s t e r e o e l e c t r o n i c a l l y  o v e r
? rtb - 0  bond c l e a v a g e  . T h i s  may be a r e a s o n  t o r  r i n g  S-N 
bond c l e a v a g e  i n  t ne  r e a c t i o n  of  c y c l i c  s u i f a m a t e  143 and 
t h e  a m i n e s  ( e q s  26 and 2 7 ,  scheme 1 9 j ,  and  p r o b a b l y  f o r  t h e  
a l k a l i n e  h y d r o l y s i s  a s  w e l l .
The n i t r o s u l f o n a c e s  166 and 167 were p r o p o s e d  a s
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120 121s t a b l e  r e a g e n t s  f o r  c o u p l i n g  i n  p e p t i d e  s y n t h e s i s .  ’
C y c l i c  s u i f a m a t e  143 was t r e a t e d  w i t h  a m i x t u r e  o f  
a c e t i c  a c i d  and  t r i e t h y l a m i n e  a t  room t e m p e r a t u r e  f o r  24 
h o u r s .  ILC showed t h e  a b s e n c e  o f  s t a r t i n g  m a t e r i a i .  Next  
p h e n y l a m i n e  was a d d e d .  A f t e r  s e v e n t y - s i x  h o u r s  a t  room 
t e m p e r a t u r e  t h e  r e a c t i o n  was worked up and p h e n y l  m e t h y l  
a c e t a m i d e  169 was r e c o v e r e d  i n  7 0 - 7 5  p e r  c e n t  y i e l d  ( scheme
2 4 ) .  At a h i g h e r  t e m p e r a t u r e  ( r e f l u x i n g  s o l v e n t )  t h e  
r e a c t i o n  was c o m p l e t e  i n  t w e n t y - f o u r  h o u r s .  Under  b o t h  
c o n d i t i o n s ,  a t t e m p t e d  r e c o v e r y  o f  s a l t  168 f rom t h e  w a t e r  
l a y e r  by a c i d i f i c a t i o n  and e x t r a c t i o n  was u n s u c c e s s f u l .  
P e r h a p s  a d d i t i o n  o f  an amine s u c h  a s  d i e t h y l a m i n e  to t h e  
a c i d i c  w a t e r  l a y e r  may p e r m i t  r e c o v e r y  o f  t h e  ammonium s a l t  
o f  168 f rom t h e  w a t e r  l a y e r  py e x t r a c t i o n . 1 ^  ^ ^
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Amide s y n t h e s i s  u s i n g  c y c l i c  s u i f a m a t e  143 .
Compound 170 , which  h as  a n i t r o  g r o u p  p a r a  to the  
r i n g  o xygen  was s y n t h e s i z e d .  A l k a l i n e  n y d r o l y s i s  o f  170 
m i g h t  g i v e  3 - 0  bond c l e a v a g e  171 r a t h e r  chan S-N c l e a v a g e  
173 ( e q s  34 and ) .  Compound 171 m ig h t  oe more s t a b l e  
t h a n  173 b e c a u s e  o f  r e s o n a n c e  (.eq 3 6 ) .
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The s y n t n e s i s  o f  170 was a c h i e v e d  by t o s y l a t i o n  
f  2 - a m i n o - 4  - n i t r o p h e n o l  a t  b o t h  n i t r o g e n  and o x y g e n .  The 
t o s y i  g r o u p  a t  o xygen  was removed oy h y d r o l y s i s  i n  a q u e o u s  
sodium h y d r o x i d e  t o  g i v e  2 - ( n - t o s y i ) - 4 - n i t r o p h e n o l  ( 175 ) ,  
which  was c y c l i z e d  w i t h  s u i f u r y l  c h l o r i d e  i n  t h e  p r e s e n c e  
o f  t r i e t h y l a m i n e  to g i v e  a 75 p e r  c e n t  y i e l d  o f  170 (scheme
















S y n t h e s i s  of  3 - t o s y l - 5 - n i t r o - 1 , 2 , 3 - b e n z o x a t h i a z o l e  
- 2 , 2- d i o x i d e .
The r e a c t i o n  o f  170 w i t h  sod ium n y a r o x i a e  i n  a k i n e t i c  
s t u d y  p r o d u c e d  a y e l l o w  s o l u t i o n  w i t h  a 7\ max a t  390 nm. 
F u r t h e r  s t u d y  o f  t h i s  compound i s  u nde r  way.
A k i n e t i c  s t u d y  has  been done f o r  b o t h  c y c l i c  
s u l f a m a t e  145 and 170 i n  o r d e r  t o  compare  t he  r a t e s  of  
t h e i r  a l k a l i n e  h y d r o l y s i s  t o  t h e  r a t e s  f o r  a c y c l i c  and
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h o ^ Ac y c l i c  s u l f a t e s  and s u l f o n a t e s .  ’ ^
K i n e t i c s  R e s u l t s  and  D i s c u s s i o n
N u c l e o p h i l i c  s u b s t i t u t i o n  a t  s u l f u r  i s  g e n e r a l l y  
s e c o n d  o r d e r  K i n e t i c a l l y . ^ ^  Tne g e n e r a l  e x p r e s s i o n  
f o r  a s e c o n d  o r d e r  r e a c t i o n  i s  shown i n  eq 3 7 ,  wnere k^ 
i s  t h e  s e c o n d  o r d e r  r a t e  c o n s t a n t ,  [A] t h e  c o n c e n t r a t i o n  o f  
s u b s t r a t e ,  and L B j t n e  c o n c e n t r a t i o n  o l  sodium n y d r o x i d e .
R a te  = K2 [ Aj [B]  ( 37)
The i n t e r g r a t e d  r a t e  e x p r e s s i o n  f o r  eq  ( 37)  i s  g i v e n  
by eq ( 3 6 ) ,  i n  which  h o  and Bo a r e  t he  i n i t i a l  
c o n c e n t r a t i o n s  o f  s u b s t r a t e  and  sod ium h y d r o x i d e ,  
r e s p e c t i v e l y ,  and x i s  t h e  amount  o f  a and B which  nave 
r e a c t e d .
1 / ( A o - B o )  i n b o ( A o - x ) / A o ( B o - x ) = k t  (38)
I f  t h e  sod ium h y d r o x i d e  c o n c e n t r a t i o n  i s  h e l d  c o n s t a n t
by k e e p i n g  i t  i n  l a r g e  e x c e s s  d u r i n g  t h e  r e a c t i o n ,  t he  r a t e
law w i l l  be p s e u d o  f i r s t  o r d e r  (eq 3 9 ,  where k i soosd
t h e  o b s e r v e d  p s eu do  f i r s t  o r d e r  r a t e  c o n s t a n t ) .
r a t e  = tc2 L'B](Ao-x) = Kobs d  (39)
r a t e  = Ko b s d ( A o_x ')
k 2 = “ o b s d 7 ^  ^41 ^
I n t e r g r a t i o n  o f  eq (39)  g i v e s :
In (Ao-x)  = Kobsd  t + c  (42)
o r  i n  Ao/x = ^ obsd  ( t - c )  (43)
o r  l og  x/'Ao = - Ro b s d / 2 ( t - t o )  144)
C o n c e n t r a t i o n  x a p p e a r s  i n  eq  ( 44)  a s  a l o g a r i t h m ,  so a 
p l o t  o i  l og  x vs t  s h o u l d  be a s t r a i g h t  l i n e  w i t h  a s l o p e  
e q u a l  t o  - ^ o b s d / 2 . 303 •
K i n e t i c  m e a s u r e m e n t s  o f  t h e  a l k a l i n e  h y d r o l y s i s  o f  
c y c l i c  s u l f a m a t e  143 were p e r f o r m e d  in t h e  u v - r e g i o n  u s i n g  
a Cary 219 s p e c t r o p h o t o m e t e r  ( f i g .  11)
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2 3 3 . 5  nm
2 6 9 - 0  nm
V.
2 3 4 .2  nm
STARTING MATERIAL
2 8 1 .6  nm
2 9 4 . 0  nm
( a ) ( b ) ( c )
F i g u r e  11.
m  n u S ° r b ^ n 2 e  ° f  143 ‘ ( b )  Absor,bance  of  t h e  p r o d u c t  of  1 4 3  + NaOH. ( c )  R e p e a t e d  s c a n s  of  U 3  + NaOH a t  14 C. —
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R e p e a t e d  s c a n s  a t  14°  o f  c y c l i c  s u l f a m a t e  143 p l u s  
sod ium h y d r o x i d e  i n  a q u e o u s  a c e t o n i c r i l e  showed an 
i s o s b e s t i c  p o i n t ,  t h e  w a v e l e n g t h  a t  which t he  r e a c t a n t s  and 
p r o d u c t s  have  e q u a l  a b s o r b a n c e ,  a t  2 8 1 . o nm. T h i s  i n d i c a t e s  
t h a t  no i n t e r m e d i a t e  i s  p r e s e n t  o r  t h a t  t he  i n t e r m e d i a t e  
d o e s  n o t  e x i s t  l o n g  e n o u gh  t o  o u i l d  up en ou gh  c o n c e n t r a t i o n  
t o  oe d e t e c t e d . 1^
K i n e t i c  m e a s u r e m e n t s  were p e r f o r m e d  i n  a q u e o u s  
a c e t o n i t r i l e  ( 1 6 . 7 #  a c e t o n i t r i l e  v / v ) .  A c e t o n i t r i l e  was 
u s e d  to  i n c r e a s e  the  s o l u b i l i t y  o f  t h e  s u b s t r a t e  i n  w a t e r .  
A p p e a r a n c e  o f  t h e  p r o d u c t  p eak  a t  294 nm was f o l l o w e d .  The 
i n i t i a l  s u b s t r a t e  c o n c e n t r a t i o n  was 6 . 77x1 0"^ M and the 
c o n c e n t r a t i o n s  o f  c a r b o n a t e - f r e e  sod ium n y d r o x i d e  were 
0 . 0 5 ,  0 . 0 6  and 0 . 1 0  d . A l l  s o l  v e n t s  were d e g a s s e d  by 
d i s t i l l a t i o n  u n d e r  n i t r o g e n .  A O ur ru m- Gi b so n  s t o p p e d  f lo w 
s p e c t r o p h o t o m e t e r  was us ed  a t  50 °C.  The a b s o r b a n c e  a t  
i n f i n i t y  t o r  e v e r y  r u n  was o b t a i n e d  a t  g r e a t e r  t h a n  t e n  
h a l f - l i v e s .  T a b l e  3 g i v e s  t h e  s a mp le  d a t a  o b t a i n e d  f o r  a 
t y p i c a l  K i n e t i c  r u n .
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T a b l e  3 .
A s a mp l e  r u n  of  t h e  a l k a l i n e  h y d r o l y s e s  of 
3 - t o s y l - 1 , 2 , 3 - b e n z o x a t h i a z n l t - 2 , 2 - d i o x i d e  a t  20 ° C .
T i m e ( s )  A bs o rb an ce  Aoo -  A
a t  t ime t ( A fc)
1 0 . 1 2 5 0 . 1 4 8
2 0 . 1 4 5 0 . 1 3 0
5 0 . 1 5 5 0 . 1 1 8
5 0 . 1 80 0 . 0 9 3
7 0 . 1 9 5 0 . 0 7 3
9 0 . 2 1 0 0 .0o3
12 0 . 2 2 8 0 . 0 4 5
15 0 . 2 4 0 0 .0p5
19 0 . 2 5 0 0 . 0 2 3
A b s o r b a n c e  a t  i n f i n i t y  [A&o/  = 0 . 2 7 3  
C o n c e n t r a t i o n  o f  NaOH = 0 .05N
C o n c e n t r a t i o n  o f  s u b s t r a t e  = 6 . ? /  x 10 M
From eq  ( 44)
l o g  (Aoo-  Afc) = - R t / 2 . 3 0 3  + l o g  (Aoo- At ) (45)
Thus a p l o t  o f  l o g  ( A o o -  Afc) vs t g i v e s  
ko bs d  = - 2 . 3 0 5 x s l o p e .
A p l o t  o f  l og  (Aoo -  Aj.) vs  t o f  the  d a t a  in  t a b l e  3 i s  
shown i n  f i g  12 .  A l i n e a r  l e u s t - s q u a r e s  p ro g r am  r un  on an 
Apple H e  c o m p u t e r  was u s ed  to  g e n e r a t e  the  p l o t  and 
c a l c u l a t e  t h e  p a r a m e t e r s .  Pseudo  f i r s t  o r d e r  r a t e  c o n s t a n t s  
^ o b s d ' *  o b t a i n e d  i n  t h i s  way a r e  g i v e n  i n  t a b l e  4 .
F i t t i n g  P a r a m e t e r s  
A = - . 7 9 5 1 0 1 2 7 9  
B = - . 0 4 5 1 3 1 9 0 4 7  = s l o p e  
E r r o r  o f  E s t i m a t e  . 017862786  
C o r r e l a t i o n  C o e f f i c i e n t  . 96 806 439 3
F i g u r e  12.
A p l o t  of  l o g  ( i U  -  A0 b s d ) vs  t  f 0 r  ^  f r ° m 
T a b l e  3.
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T a b l e  4.
An a v e r a g e  k . , and  k„ o f  a l k a l i n e  h y d r o l y s e s  of 
c y c l i c  s u l f a 8 a ? e  143 a t  d i f f e r e n c e  t e m p e r a t u r e  and b a s e
c o n c e n t r a t i o n .





( s “ 1)
t1 / 2
30 0 . 0 8 2 0 . 1 4 3 . 3 + . 0 2 5.1
0 . 1 0 0 . 1 7 3 . 4 ±  .13 4.1
0 . 1 6 4 0 . 2 6 3 • 1 ± • 14 2 . 9
20 0 . 0 5 0 0 . 0 9 0 1 . 7+ . 01 8 . 0
0 . 0 6 0 0. 11 1 . 8 ± .01 o . o
0 . 1 0 0 . 1 8 1 . 8 + . 0 1 4 . 0
10 0 . 0 5 0 0 . 0 4 0 0 . 8 9 + . 0 1 16
0 .060 0 . 0 5 0 0 . 8 9 ± .01 13
0 . 1 0 0 . 0 9 0 0 . 8 6 + . 0 2 8 . 0
0 0 . 0 5 0 0 . 0 2 0 0 . 3 5 + 0 40
0 . 0 6 0 0 . 0 2 0 0 . 35±0 33
0 . 1 0 0 . 0 4 0 0 . 5 6 + . 0 1 19
At po °C,  tne  r e s u l t s  a r e f rom s t o p p e d - f l o w













y I3 t, “f !
[ O H ]
F i g u r e  13.
A P l o t  of  kQb3(1 vs [OH]
The r e s u l t s  p r e s e n t e d  i n  t a b l e  4 and  t h e  s t r a i g h t  l i n e
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o f  f i g  13 which  p a s s e s  c n r o u g h  the  o r i g i n ,  i n d i c a t e  t h a t
t h e  r e a c t i o n  i s  l i r s t  o r d e r  i n  c y c l i c  s u l f a m a t e  143 and
f i r s t  o r d e r  i n  h y d r o x i d e  i o n .  Tne z e r o  i n t e r c e p t  i n  t h e
p l o t  o f  k-obscl vs [OH]-  i n  f i g  13 a l s o  i n d i c a t e s
t h a t  t he  a l k a l i n e  h y d r o l y s i s  o f  143 i s  an i r r e v e r s i b l e
r e a c t i o n  and t h a t  t h e r e  i s  no d e t e c t a b l e  n y a r o l y s i s  by
s o l v e n t  a l o n e .
At 25°C th e  r a t e  o f  a l k a l i n e  n y d r o l y s i s  o f  c y c l i c
-1  -1s u l f a m a t e  143 i s  2 . 2  M s whi ch  i s  d . 3  t i m e s
-  1 - 1s l o w e r  t h a n  f o r  c a t e c h o l  c y c l i c  s u l f a t e  b_L ( 1 d . d  M s ) 
and 15 t i m e s  s l o w e r  t h a n  f o r  53 ( 3 6 . 6  M- 1 s - 1 )
b u t  a b o u t  4 x 1 0  t i m e s  f a s t e r  t h a n  f o r  t h e  a c y c l i c
s u l f a t e  52 ( f i g  1 4 ) .  The r a t e  c o n s t a n t s  f o r  t h e  a l k a l i n e
h y d r o l y s i s  of  c y c l i c  s u l f a m a t e  143 a r e  i n  t h e  same r a n g e  as
t h o s e  f o r  t h e  a l k a l i n e  h y d r o l y s i s  of  f i v e - m e m b e r e d  c y c l i c
s u l f a t e s  and s u l t o n e s .
0 2
18.8 M/s 36.6 M /s
(s) I 0 0 ^ 1 i20 by e x t r a p o la t i o n
8
-1 (a) (9 83.3«/h2o
E x t r a p o la t i o n  te m p e ra tu re
-7 -1  (c)
2 . 2  M  / s 8 . 9 X 1 0  M/s
F i g u r e  14.
R a te  c o n s t a n t s  f o r  t h e  a l k a l i n e  h y d r o l y s e s  of  a c y c l i c  
s u l f a t e ,  a s u l t o n e ,  a c y c l i c  s u l f a m a t e  and an a c y c l i c  
s u l f a t e .
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As m e n t i o n e d  o e f o r e ,  a c e t o n i t r i i e  was us ed  a s  a
c o - s o i v e n t  i n  t he  K i n e t i c  s t u d y .  I t  was o o s e r v e d  c ha t
i n c r e a s i n g  p e r c e n t a g e s  o f  a c e t o n i t r i l e  d e c r e a s e d  t ne
r e a c t i o n  r a t e  ( t a b l e  5 ) .  i h i s  o b s e r v a t i o n  i s  s i m i l a r  to  the
r e s u l t s  o f  K a i s e r  wno s t u d i e d  tne  r a t e  o f  n y d r o i y s i s  o f
c y c l i c  s u l f a t e s  and s u i t o n e s , ^ 9 - b ' no a i s c u s s i o n  o f
t h i s  o b s e r v a t i o n  was m e n t i o n e d .  A c e t o n i t r i l e  i s  a p oo r
1 2 4s o l v e n t  l o r  s o l v a t i o n .  by a d d i n g  t h e  p o l a r  s o l v e n t  
w a t e r  t h e  n y d r o i y s i s  i s  e a s i e r ,  b e c a u s e  o f  t n e  e f f e c t  o f  
s e p a r a t i o n  o f  t he  i o n  p a i r s .
T a b l e  5.
E f f e c t  of  s o l v e n t  on t h e  r a t e  of  a l k a l i n e  h y d r o l y s e s  of
c y c l i c  s u l f a m a t e  113 •
a c e t o n i t r i l e  75 50 25 1 6 . 7
{% by volume)
- 1 - 1
r a t e  (M s ) 0 . 2 9  0 . 5 /  1 . 1 8  1 . 74
[OH] = 0 .05N 
T e m p e r a t u r e  20 °C
T i l l e t  and c o w o r k e r s ^  d e m o n s t r a t e d  t h a t  p a r t  o f  
t h e  d i f f e r e n c e  i n  r e a c t i v i t y  b e t w e e n  t h e  f i v e - m e m b e r e d  r i n g  
s u l t o n e  53 and a l a r g e r  r i n g  and a c y c l i c  a n a l o g  a r i s e  f rom 
a c o m b i n a t i o n  o f  b o t h  e n t h a l p y  and e n t r o p y  s t r a i n  ( s e e  
t a b l e  2 ,  page 3 1 ) .  The e n t h a l p y  and e n t r o p y  o f  a c t i v a t i o n
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o f  c y c l i c  s u l f a m a t e  145 were o b t a i n e d  t rom t he  r a t e  d a t a  
a c q u i r e d  a t  f o u r  t e m p e r a t u r e s .  The v a r i a t i o n  o f  r e a c t i o n  
r a t e  w i t h  t e m p e r a t u r e  i s  u s u a l l y  e x p r e s s e d  by t h e  A r r h e n i u s  
e q u a t i o n  wh i ch ,  i n  i t s  i n t e g r a t e d  f o r m,  i s  g i v e n  by e q s  46 
and 47 •
k = Ae“ t a ^ RI ( 4 6 )
l o g  k = l og  A -  E a / 2 . 30 3 RT  ( 47 )
A p l o t  o f  In  k vs 1 /T nas  a s l o p e  o f  - E a / R ,  where  R i s  
e q u a l  t o  8 . 3 1 4  J / m o l / K  and Ea i s  t h e  A r r h e n i u s  a c t i v a t i o n  
e n e r g y .  i h e  p l o t  o f  In  k vs 1 / i '  shown i n  f i g  15 has  a s l o p e  
o f  - 6 1 3 4 . 1  whi ch  l e a d s  t o  Ea = 5 1 . 0 0  k J / m o l .
F i t t i n g  P a r a m e t e r s  
A = 2 1 . 4 7 3 6 6 5 4  
B = - 6 1 3 4 . 1 2 2 4 6  = s l o p e
E r r o r  o f  E s t i m a t e  .0726227851 
C o r r e l a t i o n  C o e f f i c i e n t  . 933195508
F i g u r e  15.
P l o t  o f  I n  k vs 1 /T f o r  t h e  a l k a l i n e  h y d r o l y s e s  o f  143 .
The e n t h a l p y  o f  a c t i v a t i o n , A H, can  be c a l c u l a t e d  a s
95
shown oy eq 4 8 .  I'he e n t r o p y  o f  a c t i v a t i o n ,  A c  , can oe 
o b t a i n e d  f rom eq 49-
i
hi a = At i  + RT (48)
K = ( k T / h J e ^ ^  . ( , 4 9 )
T a k i n g  l o g a r i t h m s  and r e a r r a n g i n g  eq 49 g i v e s  eq pO. where 
k i s  the  Bolzmann c o n s t a n t ,  1.38 x 1 0 ' ^ J / K  and h i s  
P l a n c K ’ s c o n s t a n t ,  6 . 6 3  x 1 0 ~ ^ J / s .  i h e  e n t r o p y  and 
e n t h a l p y  o f  a c t i v a t i o n  g i v e n  i n  t a D l e  6 a r e  c a l c u l a t e d  f rom 
e q s  48 and 49 .
A S / 2 . 3 0 5 R  = l o g k  -  l o g ( e k / h )  -  logT + E a / 2 . 3 0 3 R t  (50)
^ ^ T a b l e  6.
A  H and A S  v a l u e  a t  d i f f e r e n t  t e m p e r a t u r e s .
T e m p e r a t u r e (  C) H ( k J / m o i ; S ( e u ;
30 53 -52+ .13 - 7 5 . 1 9 + . 8 3
20 5 3 . 4 3 + . 0 4 - 7 3 .  *9 + . 37
10 5 3 . 3 5 + . 0 4 - 7 3 . 8 8 + . 4 8
0 53 .27± • 12 - 7 4  .38+ .02
The v a l u e s  o f  Ad and AS f o r  t h e  h y d r o l y s i s  o f  143 a r e
c l o s e  to t h o s e  o f  t he  1 i v e - m e m b e r e d  r i n g  s u l t o n e  53_ ( t a b l e  
7 ^2 ,  page  3 1 ) .  T h a t  i s ,  t h e  a l k a l i n e  n y d r o i y s i s  o f  
c y c l i c  s u l f a m a t e  143 may f o l l o w  t h e  same mechanism a s  t h e
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h y d r o l y s i s  o f  s u l t o n e  53 . The n e g a t i v e  e n t r o p y  of  
a c t i v a t i o n  i n d i c a t e s  t h a t  t h e  t r a n s i t i o n  s t a t e  i s  more 
o r d e r e d  t h a n  th e  g r o u n d  s t a t e s  o f  t h e  s e p a r a t e  r e a c t a n t s .
The k i n e t i c  s t u d y  of  170 was c a r r i e d  o u t  by u s i n g  a 
D ur ru m- Gi b so n  s t o p p e d  f low s p e c t r o p h o t o m e t e r  and f o l l o w i n g  
t h e  a p p e a r a n c e  o f  the  the  p r o d u c t  peak  a t  440 nm. The 
r e s u l t s  a t  50°  a r e  g i v e n  i n  t a b l e  7.  F u r t h e r  k i n e t i c  
s t u d y  o f  t h i s  compound i s  i n  p r o g r e s s .
T a b l e  7.
k , . and  k 0 o f  170 + NaOHo bs d  2 -----
Run no [OH] o o s d
.1 t























a v e r a g e
0 . 0 2 5 2
0 . 0 5 0 5
0 . 0 7 5 7
0 .0 1 5 2
0 . 0 6 5 0  
0 . b 5 9  
0 . 6 5 3  
0 . 6 6 2  
0 . 6 1 0  
0 . 5 9 9  











0 . 4 2 2  
0 .434 
0 . 4 5 5  
0 . 4 3 3  
0 . 4 3 6
5 0 . 9 + 2 . 1 3
5 2 . 4 + . 6 2
51 . 4 + 1 . 6 2
5 7 . 4 + 4 . 5 4
-4sc o n c e n t r a t i o n  o f  s u b s t r a t e  = 1 . 5 0  x 10 M 
S o l v e n t  50% a c e t o n i t r i l e - w a t e r  v / v
In  c o n c l u s i o n ,  t h e  r a t e  o f  a l k a l i n e  h y d r o l y s i s  of  
s u l f a m a t e  143 i s  a p p r o x i m a t e l y  t h e  same as  t h o s e  r e p o r t e d  
f o r  t h e  h y d r o l y s e s  of  s t r u c t u r a l l y  s i m i l a r  s u l f a t e  31 and 
s u l t o n e  53^  . I n  a d d i t i o n ,  t h e  e n t h a l p i e s  and e n t r o p i e s  of  
a c t i v a t i o n  o b s e r v e d  f o r  51_ and 1_4_3 a r e  s i m i l a r  which  
s u g g e s t s  t h a t  t h e i r  mec ha n i s ms  f o r  h y d r o l y s i s  a r e  a l s o  
s i m i l a r .  Ring S-N bond c l e a v a g e  o c c u r r e d  when s u l f a m a t e  143 
was t r e a t e d  w i t h  h y d r o x i d e  i o n ,  m e t h y l a m i n e ,  or  
t - b u t y l a m i n e , w h e r e a s  t h e  S-N bond exo t o  t h e  r i n g  was 
c l e a v e d  when 143 was t r e a t e d  w i t h  p h e n y l 1 i t h i u m , 
m e t h y l l i t h i u m , or  p o t a s s i u m  f l u o r i d e .  T r e a t m e n t  w i t h  
p o t a s s i u m  t - b u t o x i d e  r e s u l t e d  i n  c l e a v a g e  a t  b o t h  S-N bonds  
I n  v iew of  t h e  g r e a t l y  i n c r e a s e d  r e a c t i v i t y  t o w a r d s  
h y d r o x i d e  i o n  of  t h e  c y c l i c  e s t e r s  5J and 53 o v e r  t h a t  of  
t h e i r  a c y c l i c  a n a l o g s ,  t h e  c a s e s  of  exo S-N bond c l e a v a g e ,  
r a t h e r  t h a n  r i n g  c l e a v a g e ,  were  u n e x p e c t e d  and a r e ,  as  y e t ,  
u n e x p l a i n e d .  R e p l a c e m e n t  of  t h e  t o s y l  g ro u p  i n  143 by some 
n o n - d i s p l a c e a b l e  g r o u p ,  s u c h  as  a p h e n y l  r a d i c a l ,  s h o u l d  be 
c a r r i e d  o u t  t o  s e e  which  r i n g  bond,  S-N or  S - 0 ,  i s  c l e a v e d  
now by t h e  v a r i o u s  n u c l e o p h i l e s  a n d ,  f o r  h y d r o x i d e  i o n ,  a t  
what  r a t e  i t  o c c u r s .
S i n c e  s u l f a m a t e  1 43 i s  e a s y  t o  p r e p a r e  f rom cheap  
s t a r t i n g  m a t e r i a l s  and i s  c a p a b l e  of  a c t i n g  as  a c o u p l i n g  
r e a g e n t  i n  amide s y n t h e s i s  f rom an a c i d  and an am in e ,  i t s  
u s e  f o r  t h i s  p u r p o s e ,  and p e r h a p s  a l s o  i n  e s t e r  s y n t h e s i s ,  
s h o u l d  be e x p l o r e d .
EXPERIMENTAL
I n s t r u m e n t a t i o n  NMk s p e c t r a  were r e c o r d e d  on V a r i a n  
3o0 h. i^t i )  and J t o L  FX.yOW and ^ C )
s p e c t r o m e c e r s . S p e c t r a  were r e f e r e n c e d  t o  i n t e r n a l  TMS. 
I n f r a r e d  s p e c t r a  were r e c o r d e d  on a P e r k i n  t i m e r  28pb 
s p e c t r o p h o t o m e c e r . U l t r a v i o l e t  s p e c t r a  were r e c o r d e d  on a 
V a r i a n - C a r y  21p d o u o l e  beam p r o g r a m a b l e  s p ec t r o p h o C o me  t e r  
e q u i p p e d  w i t h  a t e m p e r a t u r e  c o n t r o l l e d  b a t h  and on a 
D ur ru m- Gi bs on  s t o p p e d  i l o w  s p e c t r o p h o t o m e t e r  w i t h  a .02 m 
p a t h - l e n g t h  c u v e t t e  and  a K e l - F  f l o w - p a t h .  Mass s p e c t r a  
were o b t a i n e d  on a H i t a c h i - P e r K . i n - t l m e r  RMU-6t mass 
s p e c t r o m e t e r  by U n i v e r s i t y  o f  hew H amps h i re  I n s t r u m e n t a t i o n  
c e n t e r  p e r s o n n e l ,  t l e m e n t a l  a n a l y s i s  were p e r f o r m e d  a t  t he
U n i v e r s i t y  o f  New Hamps h i r e  I n s t r u m e n t a t i o n  c e n t e r  u s i n g  a
P e r k i n  t i m e r  240b e l e m e n t a l  a n a l y s e r .
M a t e r i a l s  A l l  c h e m i c a l s  were r e a g e n t  g r a d e .  i'HF and
d i e t h y l  e t h e r  were t r e a t e d  w i t h  c a l c i u m  h y d r i d e  and t h e n  
d i s t i l l e d  u n d e r  n i t r o g e n  f rom sodium b en z o p h e n o n e  x e t y l .  
M e t h y l e n e  c h l o r i d e  and h ex an e  were d i s t i l l e d  u nd e r  n i t r o g e n  
f rom c a l c i u m  h y d r i d e .  C h l o r o f o r m  was d i s t i l l e d  from 
p h o s p h o r u s  p e n t a o x i d e .  P y r i d i n e  and t r i e t h y l a m i n e  were 
d i s t i l l e d  f rom p o t a s s i u m  h y d r o x i d e ,  i h i n  l a y e r  
c h r o m a t o g r a p h y  (TLC) was p e r f o r m e d  on a luminum TLC s h e e t s ,  
p r e c o a t e d  w i t h  s i l i c a  g e l  oOF-254 ,  made by t .  Merck.  
P r e p a r a t i v e  l a y e r  c h r o m a t o g r a p h y  p l a t e s  were made w i t h
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s i l i c a  g e l  60PF-254  (B. Merck)  on g l a s s  p l a t e s  and were
a c t i v a t e d  a t  100°C f o r  two h o u r s .  G l a s s w a r e  was d r i e a
by h e a t i n g  i n  an oven  f o r  a t  l e a s t  t w e n t y - f o u r  h o u r s  and
was c o o l e d  u nd e r  n i t r o g e n .
1 , 1 - D i o x y - p - c h l o r o - 3 H - 2 , 1 - b e n z o x a t h i o l e  was
p r e p a r e d  i n  q u a n t i t a t i v e  y i e l d  a c c o r d i n g  to  the  p r o c e d u r e
g i v e n  i n  Y i l a i z ' s  d i s s e r t a t i o n : 1 mp 113 °C; IR
-  1s p e c t r u m  no .  3909 ( N u j o l )  1150 and 1445 cm ( s ,
SO^J;  1H NMR s p e c t r u m  no 6772 (CDCl^) 5 
8 . 0 0 - 7 . 5 0  (m, 4H, ArH) ,  7 . 2 8  ( s ,  1H, CHC1) .
o - T o l y 1 Sul  t o n e  was p r e p a r e d  i n  6 5 - 4 8  p e r  c e n t
y i e l d  a c c o r d i n g  to t h e  p r o c e d u r e  g i v e n  i n  Y i l d i z ' s  
d i s s e r t a t i o n : " '  mp 11 2- 113  °C; 1R s p e c t r u m  n o .  3907 
( N u j o l )  1150 and 1450 cm"1 ( s ,  SO^ 9; ' h NMR
s p e c t r u m  no 5794 ( C D C l ^ ) d  8 . 0 0 - 7 . 3 0  (m, 4H, ArH),  5 . 6 0
( s ,  2H, CH2 ) .
Sodium 4 - t o l u e n e s u l f i n a t e  D i h y d r a t e  was 
p r e p a r e d  i n  93 p e r  c e n t  y i e l d  by t h e  p r o c e d u r e  g i v e n  i n  
Y i l d i z ' s  d i s s e r t a t i o n : 1 mp was g r e a t e r  t h a n  300 °C;
IR s p e c t r u m  no 9399 (KBr) ;>420 ( b r ,  H2 0 ) ,  1020 cm-1 
( s ,  SO); 1H NMR s p e c t r u m  no 68o5 (DgO) <3 7 . 7 1 - 7 . 2 2
( AA'BB' ,  4H, ArH),  2 . 41  ( s ,  3H, CH^).
Sodium 2 - ( 4 1- t o l u e n e s u l f o n y l ) m e t h y 1 b e n z e n e s u l f o n a t e  
was s y n t h e s i z e d  i n  80 p e r  c e n t  y i e l d  by t h e  p r o c e d u r e
i
g i v e n  i n  i i l d i z ' s  d i s s e r t a t i o n :  IR s p e c t r u m  no 3903
(KBr) 1300 and 11o0 ( s ,  o02 ) ,  1250 ,  1220 ,  1140 cm-1 
( s ,  SO^j ;  1 H NMR s p e c t r u m  no 8864 ( 0 2 0) $
1 00
8 . 1 9 - 7 . 2 0  (m, 3H, ArH) ,  5 . 1 o I s ,  2H, C H „ J , 2 . 4 2  i s ,  3H,
CH ) .
3 1
2 - ( 4 l - T o l u e n e s u l f o n y l ) m e t h y l b e n z e n e s u l f o n y l  C h l o r i d e
was p r e p a r e d  i n  85.1 p e r  c e n t  y i e l d  by t h e  p r o c e d u r e  
g i v e n  i n  Y i l d i z ' s  d i s s e r t a t i o n : 1 rnp 1 55 - 13 6  IR
s p e c t r u m  no 3906 (KBr) 1145 ,  1165 ,  1290 ,  1310 ,  1370
-1 1 s.cm ( s ,  S02 C1 and S0? ) . H NMR s p e c t r u m  no 0
8863 ( CDCl^) & 8 . 3 0 - 7 . 2 0  (m, 8 h ,  ArH),  4 . 9 9  ( s ,  2H,
CH2 ) ,  2 . 4 2  ( s ,  3H, CH^).
B i s - 2 - ( 4 1- T o l u e n e s u l f o n y l ) m e t h y l p h e n y l  D i s u l f i d e  
12^( 8 9 ) .  Sodium i o d i d e  ( 7 - 5 g ,  50 mmol) was s u s p e n d e d
i n  a s o l u t i o n  o f  c h l o r o t r i m e t h y l s i l a n e  ( 2 . 7 5 g »  2 5 . 0  mmol) 
i n  m e t h y l e n e  c h l o r i d e  (25 mL) c o n t a i n i n g  a c a t a l y t i c  amount  
o f  t e t r a - n - b u t y l a m m o n i u m  i o d i d e  ( 100mg) .  
2 - ( p - T o l u e n e s u l f o n y l ) m e t h y l b e n z e n e  s u i f o n y l  c h l o r i d e  
( 1 « 7 9 g ,  5 . 0 0  mmol) was add ed  and t h e  m i x t u r e  was s t i r r e d  
f o r  s i x t e e n  h o u r s  a t  room t e m p e r a t u r e .  The m i x t u r e  was 
p o u r e d  i n t o  a s o l u t i o n  o f  sod ium b i c a r b o n a t e  and i o d i n e  was 
removed by t h e  a d d i t i o n  o f  a s a t u r a t e d  s o l u t i o n  o f  sodium 
t h i o s u l f a t e .  The m i x t u r e  was e x t r a c t e d  t w i c e  w i t h  25mL 
p o r t i o n s  o f  m e t h y l e n e  c h l o r i d e .  The e x t r a c t s  were d r i e d  
o v e r  a n h y d r o u s  magnes ium s u l f a t e  and t h e  s o l v e n t  was 
removed to y i e l d  a c r u d e  y e l l o w  p r o d u c t .  P u r i f i c a t i o n  by 
s i l i c a  g e l  column c h r o m a t o g r a p h y  a f f o r d e d  0 . 6 7 0  g ( 7 7 . 9 % ) :  
mp 1 89- 190  °C ( r e p o r t e d 1 mp 150-191 ° C ) ;  IR 
s p e c t r u m  no 5 3 9 7 (KBr) 1320 and 1145 cm-1 ( s ,  S02 ) .
1 H NMR s p e c t r u m  no 7490 (CDCl^) <5 7 . 6 9 - 7 . 1 2  (m,
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8 H, ArH) 4 . 3 8  ( s ,  2H, CH^) , 2 . 41  ( s ,  pH, CH ) .
R e a c t i o n  o f  B i s - 2 - ( 4 1- T o l u e n e s u l f o n y l ) m e t h y l p h e n y l  
D i s u l f i d e  w i t h  Sodium H y d r i d e .  Sodium h y d r i d e ,  o0% 
d i s p e r s i o n  i n  m i n e r a l  o i l ,  ( 0 . 3 6 l g ,  9 . 0 0  mmol) was p l a c e d  
i n  a f l a m e - d r i e d  100 mL t h r e e - n e c k e d  r o u n d - b o t t o m e d  t l a s k  
e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  The f l a s k  was t h e n  c a p p e d  
w i t h  a r u b b e r  sep t um and f l u s h e d  w i t h  n i t r o g e n .  The sodium 
h y d r i d e  was washed f i v e  t i m e s  w i t h  d r y  hexane  by u s i n g  a 
s y r i n g e .  A f t e r  a d d i n g  d r y  THF' (.10 mL) t o  the  f l a s k ,  the
f l a s k  was p l a c e d  i n  a Dry I c e - a c e t o n e  b a t h .  The s o l u t i o n  of
2 - ( 4 - t o l u e n e s u l f o n y 1 ) m e t h y I p h e n y 1 d i s u l f i d e  ( 1 . 0 g ,  1 . 8  
mmol) i n  d r y  XHF' (.60 mL) was add ed  a t  - 7 8  °C by 
s y r i n g e .  The p r o g r e s s  o f  t h e  r e a c t i o n  was f o l l o w e d  by TLC. 
A f t e r  one hour  t he  r e a c t i o n  m i x t u r e  was a l l o w e d  t o  warm to 
room t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  was c l o u d y  a f t e r  
f i f t e e n  min a t  room t e m p e r a t u r e .  A f t e r  t w en t y  h o u r s ,  t h e  
TLC was t h e  same a s  a t  f i v e  h o u r s ,  ( c a .  50% r e m a i n i n g  
s t a r t i n g  m a t e r i a l ) .  Water  ( 0 . 2 5  mL) was added  to t h e  
r e a c t i o n  m i x t u r e  u n t i l  g a s  e v o l u t i o n  c e a s e d .  The w h i t e  
p r e c i p i t a t e  was f i l t e r e d ,  t he  THF was removed un de r  r e d u c e d
p r e s s u r e ,  and t h e  r e s i d u e  was e x t r a c t e d  f o u r  t i m e s  w i t h
m e t h y l e n e  c h l o r i d e  (20 mL).  The m e t h y l e n e  c h l o r i d e  l a y e r  
was d r i e d  o v e r  a n h y d r o u s  magnes ium s u l f a t e ,  f i l t e r e d ,  and 
c o n c e n t r a t e d  u nd er  r e d u c e d  p r e s s u r e  to g i v e  0 . 0 o 4 0 g  o f  
w h i t e  s o l i d .  The w h i t e  p r e c i p i t a t e  ( . I 6 l 9 g )  g a v e :  mp 
g r e a t e r  t h a n  500 °C; IR s p e c t r u m  no 2o10 (KBr;  1050 
cm"1' ( s ,  SO); 1H NMR S p e c t r u m  No 7647 (D^O)^
7 • 15-1 *28 ( A A1 BB1 f 4H, ArH) ,  a . 38 .  { 5 ,  pH,  CH^ j . i n i s
p r o d u c t  was i d e n t i f i e d  a s  s od i um 4 - t o l u e n e s u i f i n a t e  oy
c o m p a r i s o n  w i t h  mp and s p e c t r a  i r om p u o l i s h e d  d a t a  ( S a d t l e r
s p e c t r u m  4457 (NMR), Ip486 ( I R ; ) .  The w h i t e  s o l i d  f rom t he
m e t h y l e n e  c n i o r i d e  l a y e r  g a v e :  mp 415- 214  °C
( l i t ^ ^  mp 215 ° C j ;  p o s i t i v e  t e s t  f o r  s u l f u r  w i t h
s od i um f u s i o n ;  IR s p e c t r u m  no 2o08 (Kbr )  14p2 ,  1550 (m) ,
-1 173b and /10 cm l s J ; H NMR s p e c t r u m  no 7041
(CDCl^)  $  8 . 1 - 7 . 7 9 ,  / . b p - 7 . 2 5  (m);  NMR s p e c t r u m
no 4818 (CDC13 ) <3 1 4 2 . 3 ,  1 b 9 . 4 ,  133. 1 , 1 2 4 - 9 ,  1 2 4 . 0 ,
and  1 2 1 . 6 ;  MS no 582 m/e ( r e l  i n t e n s i t y )  240 ( 1 000 ,
M+ ) , 241 ( 1o7 ,  M+1 ) , 242 (,99, m+2) ,  ( , ca l cd  241 ( 168 ,
M+1 ) ,  242 ( 99 ,  m+2) ) ;  An a l .  Ca l cd  f o r  0.  ,HUS0 :14 8  4
C, 7 0 . 0 0 ;  H, 3 . 3 3 .  Found:  C, 6 7 . 8 5 ;  H, 3 o ) .  T h i s  compound 
was i d e n t i f i e d  a s  l1J d e n z o t h i e n o  Lb>2-bJL' IJ  b e n z o t h i o p h e n e  
( £1_ ) f r om t he  above  d a t a .
1 - B u t a n e s u l f e n y l  C h l o r i d e .  1- B u t a n e t h i o l
( 9 . 0 2 g ,  u . 100 mol )  was d i s s o l v e d  i n  h e p t a n e  (25 mL) i n  a 
250 mL r o u n d - b o t t o m e d  f l a s k  p r o v i d e d  w i t h  a m a g n e t i c  
s t i r r e r .  The f l a s k  was p l a c e d  i n  an i c e  b a t h .  C h l o r i n e  
( 7 . 2 5 g ,  0 . 1 0 0  m o l ) ,  wh i ch  had been c o n d e n s e d  i n  a t a r e d  
f l a s k  p l a c e d  i n  a Dry I c e - a c e t o n e  b a t h ,  was b u b b l e d  i n t o  
t h e  s o l u t i o n  v i a  a g l a s s  t ube  p l a c e d  be l ow t he  s u r f a c e .  The 
r e s u l t i n g  s o l u t i o n  o f  s u l f e n y l  c h l o r i d e  was us ed  d i r e c t l y  
t o  p r e p a r e  N - ( b u t a n e t h i o ) p h t h a l i m i d e .
N - ( n - B u t a n e t h i o ) p h t h a l i m i d e  ( 9 2 ) .  ^  P h t h a l i m i d e  
( 1 4 . 7 g ,  0 . 1 0 0  m o l ) ,  t r i e t h y l a m i n e  ( 1 5 g ,  O . I 5 mo l )  and
d i m e t h y l f o r m a m i d e  (60 mL) wera p l a c e d  i n  a 050 mL
r o u n d - b o t t o m e d  f l a m e - d r i e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c
s t i r r e r  and an a d d i t i o n  f u n n e l ,  i h e  f l a s k  was p l a c e d  in  an
i c e  b a t h  and t n e  s y s t e m was f l u s h e d  w i t h  n i t r o g e n .  Under  an
a t m o s p n e r e  o f  n i t r o g e n ,  t ne  s o l u t i o n  o f  1- o u t a n e  s u l f e n y i
c h l o r i d e ,  made a b o v e ,  was p i a c e d  i n  t h e  a d d i t i o n  f u n n e l  and
a dded  d r o p w i s e  to t he  s t i r r e d  p h t h a l i m i d e  s o l u t i o n .  The
r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  t h i r t y  inin a t  0 °C and
t n e n  t r a n s f e r r e d  t o  a 1-L b e a k e r  to whi ch  i c e  w a t e r  (750
mL) was a d d e d ,  f he  p r o d u c t  p r e c i p i t a t e d  and  was c o l l e c t e d
oy s u c t i o n  f i l t r a t i o n  t o  g i v e  a y e l l o w  s o l i d .
R e c r y s t a l l i z a t i o n  f rom 95% e t h a n o l  gave  9 . 5 0 g  ( 5 4 . / % ) :  mp 
b 3 °0  ( l i t 5*^  op °C;  IR s p e c t r u m  no 2352 (K.Br;
1 750 ,  1710 , 1280 ,  1050 ,  700 cffl'”' ;  ' h i\iMR s p e c t r u m  
no 6775 ( CDC1 ^ ) £  / . 9 ( m ,  4H, ArHj ,  2 . 9 2  ( t ,  2H,
CH^) ,  1 . 9 0 - 0 . 7 0  (,m, 9H, n - B u ) .
A t t e m p t e d  S y n t h e s i s  o f  2 - Ami nophenyf  B u t y l  D i s u l f i d e  
(95 ) . N - ( n - b u t y l  t h i o ) p h t h a i  i mi d e  (,2.3 5g» 0 . 0 1 0 0
mol )  was d i s s o l v e d  i n  b e nz ene  (40 mL) i n  a 100 mL 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  
o - A m i n o t h i o p h e n o l  ( , 1 . 25g,  0 . 0 1 0 0  mol )  was a dde d  t o  t h i s  
m i x t u r e .  A w h i t e  p r e c i p i t a t e  f o r med  i m m e d i a t e l y .  A f t e r  Che 
r e a c t i o n  was c o m p l e t e  ( t w e n t y  mi n,  TLC),  t h e  p r e c i p i t a t e  
was f i l t e r e d .  The f i l t r a t e  was c o n c e n t r a t e d  un d e r  r e d u c e d  
p r e s s u r e .  P u r i f i c a t i o n  by s i l i c a  g e l  col umn c h o m a t o g r a p h y  
gave  0 . 2 5 g  (20%) o f  y e l l o w  s o l i d :  mp 8 9 - 9 0  °C;  iR 
s p e c t r u m  no 5463 (KBr)  3 580 ,  5 5 0 0 ,  1o10,  1 4 / 0 ,  1445 ,  1300 ,
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745 cm- "1; *H NMR s p e c t r u m  no o739 (CDC1 ; h 
7 . 4 o - 6 . 4 5  (m, 8H,  ArH) ,  4 . 5 5  ( b r ,  4ri,  NH2 );  NMR
s p e c t r u m  no 05O3 (CDCl^)  8 1 4 3 . 5 ,  1 3 o . 7 ,  1 5 1 . 5 ,  1 1 c . 7,
1 1 8 . 2 ,  115 . 1  ; MS no 475 m/e 248 ( 1 4 2 ,  M+ ) ,  249 134,
M+1).  The compound was i d e n t i f i e d  a s  b i s - 2 - a m i n o p h e n y 1  
d i s u i f i d e  (94)  f rom t he  above  s p e c t r a .
R e a c t i o n  o f  B i s - 2 - A m i n o p h e n y l  D i s u l f i d e  w i t h  Sodium 
H y d r i d e . Sodium h y d r i d e  ( 0 . 1 9 2 g ,  5 . 0 0  mmolj  was p l a c e d  in 
an o v e n - d r i e d  t h r e e - n e c k e d  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  
w i t h  a m a g n e t i c  s t i r r e r .  The f l a s k  was ca p p e d  w i t n  r u b b e r  
s e p t u ms  and t h e  s y s t e m  was f l u s h e d  w i t h  n i t r o g e n .  By u s i n g  
a s y r i n g e ,  t he  s odi um h y d r i d e  was washed f i v e  t i me s  w i t h  
d r y  h e x a n e .  Dry e t h e r  (5 mL) was adde d  t o  t h e  f l a s k .  Then a 
s o l u t i o n  o f  2 - a m i n o p h e n o 1 d i s u i f i d e  ( . 1 5 g »  O.bO mmol) i n  
e t h e r  (5 mL) was adde d  by s y r i n g e .  A f t e r  t we n t y  f o u r  h o u r s ,  
TLC showed o n l y  s t a r t i n g  m a t e r i a l .  The t e m p e r a t u r e  was 
i n c r e a s e d  t o  30 °C,  b u t  no change  i n  t h e  TLC was 
a p p a r e n t .  The r e a c t i o n  m i x t u r e  was q u e n c h e d  w i t h  w a t e r ,  t h e  
p r e c i p i t a t e  f i l t e r e d  and t h e  f i l t r a t e  e x t r a c t e d  w i t h  
d i c h o r o m e t h a n e . The e x t r a c t  was d r i e d  o v e r  a n h y d r o u s  
magnes ium s u l f a t e .  E v a p o r a t i o n  o f  t h e  d i c h l o r o m e t h a n e  
u n d e r  r e d u c e d  p r e s s u r e  gave  a s o l i d  whi ch  was i d e n t i f i e d  a s  
s t a r t i n g  m a t e r i a l  by TLC.
2 - M e t h y l t h i o a n i l i n e  ( 9 8 ) .  2 - M e r c a p t o a n i l i n e  
( 3 0 g ,  0 . 2 4  mol )  was d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  (125 mL) 
i n  a 250 mL r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  
s t i r r e r .  Sodium ( 5 . 4 g ,  0 . 2 4 m o l )  was a d d e d  i n  s m a l l  p i e c e s
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f o l l o w e d  by me t h y l  i o d i d e  0 5 g ,  0 . 2 4  m o l ) .  The r e a c t i o n  
m i x t u r e  was r e f i u x e d  f o r  f o r t y  rain,  t hen  c o o l e d  and p o u r e d  
i n t o  w a t e r  1.1 L) .  The m i x t u r e  was e x t r a c t e d  t w i c e  w i t h  25 
mL p o r t i o n s  o f  e t h e r .  The e t h e r  e x t r a c t s  were d r i e d  ove r  
a n h y d r o u s  s odi um s u l f a t e .  C o n c e n t r a t i o n  un d e r  r e d u c e d  
p r e s s u r e  gave  an o i l y  y e l l o w  p r o d u c t  which was p u r i f i e d  by 
d i s t i l l a t i o n  a t  75 °C ( 0 . 0 5  mm) t o  g i v e  23*o5g
- 1( 6 9 . 5 b % j :  IR s p e c t r u m  no 24o7 i n e a t )  5470 and o550 cm 
( S,  NH^);  NMR s p e c t r u m  no 6117 (CDCl^)  &
7 . 5 0 - O . 5 0  (m, 4H, ArH) ,  4 . 2 2  ( o r ,  2H,  NH^),  2 . 2 8  ( s ,
3H,  CH^)
2 - ( M e t n y l t h i o ) a c e t a n i l i d e  ( 9 9 ) .  ' ^
2 - M e t h y l t h i o a n i l i n e  ( p 0 . 3 g ,  0 . 2 0 0  mol )  i n  g l a c i a l  a c e t i c  
a c i d  u O . O  mL) and w a t e r  ( ,21.7 mL) , was p l a c e d  i n  a 250 mL 
t h r e e - n e c k e d  r o u n a - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  
s t i r r e r  and a t h e r m o m e t e r .  A f t e r  b e i n g  s t i r r e d  l o r  f i v e  
mi n,  i c e  ( 35g)  was a d d e d .  Wnen t he  t e m p e r a t u r e  r e a c h e d  0 - 5  
°C,  a c e t i c  a n h y d r i d e  ( 1 0 . 3  mL, 0 . 2 1 0  mol )  was added  a l l  
a t  once  w i t h  r a p i d  s t i r r i n g .  The t e m p e r a t u r e  r o s e  to 15 
°C a f t e r  wh i ch  t h e  i l a s k  was n e a t e d  on a s t e a m Oat h .
A f t e r  s i x  h o u r s ,  i'LC showed t h e  p r e s e n c e  o f  c o n s i d e r a b l e  
s t a r t i n g  m a t e r i a l  so one more e q u i v a l e n t  o f  a c e t i c  
a n h y d r i d e  was a d a e d  t o g e t h e r  w i t h  t r i e t h y i a m i n e  (2 mL).
A f t e r  one more hour  on t he  s t e a m b a t h ,  t he  r e a c t i o n  m i x t u r e  
was a l l o w e d  t o  c o o l  o v e r  n i g h t .  A w n i t e  s o l i d  was ODt a i ned  
and r e c r y s t a l l i z e d  f r o m 50% e t h a n o l - w a t e r  t o  g i v e  2 7 . 4 g 
(70%) :  mp 105- 104  °C;  IR s p e c t r u m  no 5400 (KBr)  q200
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( s ,  IMH J , 1b25 cm' ' '  ( s , CO); *H lmmR s p e c t r u m  no 
7bp2 (CDCl^)  5  8 . 5 0 - 8 . 0 0  ( b r ,  1H, NHj,  Z . o O - 6 . 9 0 (m,
4H, ArH) 2 . 2  Q ( s , pH,  CH ) , 2 . 3 d  i s ,  j>H, uH„) .
2 - ( M e t h y l s u l f o n y l ) a c e t a n i l i d e  (1 JO j .
2 - (  Me t h y  1 t h i o  ) a c e t a n i i i d e  ( 5 - d g ,  . 028 m o l ; ,  a c e t i c  a c i d
(100 mL) and p0% h y d r o g e n  p e r o x i d e  (12 mL, 0 . 1 4  mol)  were 
p l a c e d  i n  a 100 mL r o u n d - Do t t o me d  f l a sk .  e q u i p p e d  w i t h  a 
m a g n e t i c  s t i r r e r .  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  l o u r  
d a y s  a f t e r  whi ch  i t  was p o u r e d  i n t o  w a t e r  (30 mL).  Tne 
m i x t u r e  was e x t r a c t e d  w i t h  d i c h i o r o m e t h a n e , and t he  e x t r a c t  
was d r i e d  o v e r  a n h y d r o u s  magnes ium s u l f a t e .  The s o l v e n t  was 
r emoved unde r  r e d u c e d  p r e s s u r e  to g i v e  a s o l i d  whi ch was 
r e c r y s t a l i i z e d  f rom e t h a n o l  t o  y i e l d  3 . o 1 g  ( o 1 . 0 %) :  mp 
2 4 5 - 2 4 b  °C;  iR s p e c t r u m  no 5401 (KBr)  c>320 i s ,  NH;,
1675 i s ,  CO),  1305 and 1125 cm- "' ( s ,  bGg) ; ^H 
NMR s p e c t r u m  no 7661 (CDCl^)  8 ^ . 61 ( b r ,  1H, imH) ,
8 . 6 8 - 7 . 1 0  (m, 4H, ArH) ,  p . 3 1 ( s ,  3H, CH^ .) , 2 . 2 5  i s ,
5H,  CH ) .
2 - 1 Ami n o p h e n y l ) Me t hy l  S u l f o n e  ( 1 0 1 ) .  A
m i x t u r e  o f  2 - ( m e t h y l s u l f o n y l j a c e t a n i l i d e  ( I b . O p g ,  . 07o00 
mol )  and 40% a q u e o u s  sodium h y d r o x i d e  (20 mL) was h e a t e d  co 
60 °C f o r  t h i r t y  min and t he n  was a l l o w e d  to c o o l  to 
room t e m p e r a t u r e .  The m i x t u r e  was e x t r a c t e d  t w i c e  w i t h  
d i c h i o r o m e t h a n e  and t he  e x t r a c t s  were d r i e d  o v e r  a n h y d r o u s  
magnes i um s u l f a t e .  A f t e r  r emova l  o f  t h e  d i c h i o r o m e t h a n e ,  a 
w h i t e  s o l i d  was o b t a i n e d ,  1 2 . 9 0 g  ( q u a n t i t a t i v e  y i e l d ) .  
R e c r y s t a l l i z a t i o n  f rom e t h a n o l  g a v e :  mp 8 4 - 8 5  °C;  IR
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s p e c t r u m  no 52 65 (KBr)  p495 and o590 k s , NH^),  1290 and 
1130 cm- "' ( s , bO^ j ;  ' H nMR s p e c t r u m  no d13'7 
(CDC1 ) S / .  ^ 1 - o . 68 Cm, 4 H, a r H ) ,  p . 12 Cor ,  2 H,
NH^),  p . 05 ( s ,  3H, CH^);  lmMR s p e c t r u m  no
3593  ^CDCl .^) $  14 o . 3 ,  1 3 5 . 1 ,  1 2 9 . 1 , 1 2 6 . 0  1 2 1 . 6 , 1 1 8 . 6 ,
1 1 7 . 7  and 4 2 . 1 .
2 - Br o mo p h e n y l  Me t hyl  S u l f o n e  ( 1 0 3 j .
2 - ( A m i n o p h e n y l ) me t h y l  s u l f o n e  was d i a z o t i z e d  and t h e n  
r e a c t e d  w i t h  c u p r o u s  br omi de  a c c o r d i n g  to t he  p r o c e d u r e  i n  
t h e  l i t e r a t u r e . R e c r y s t a l l i z a t i o n  i r om p5% e t h a n o l  
gave  y e l l o w  s o l i d  i n  50 p e r  c e n t  y i e l d :  mp 106- 107  °C;
_ A
IR s p e c t r u m  no p26l  (KBr)  1510 and 1150 cm ( s ,
SO^) ;  ' h NMR s p e c t r u m  no 6225 (CDCl^)  5
d . 3 6 - 6 . 1 3  and 7 . 9 3 - 7 .5 0  (m, 4H, ArH) ,  p . 30 ( s ,  3H,
CH^J;  imMR s p e c t r u m  no 572 /  (CDCl^)  8 1 p 9 . 6 ,
1 3 5 . 5 ,  1 3 4 . /  1 3 1 . 0 ,  126 . 1  and 1 2 0 . 0 ; MS no 433 ,  m/e ( r e l .
i n t e n s i t y )  235 ( 1 9 6 , M+ ) ,  257 ( 1 6 0 ,  m+2 ) .
A t t e m p t e d  S y n t h e s i s  o f  2 - ( M e r c a p t o p h e n y l ) Met hyl
S u l f o n e  ( 1 0 2 ) .  2 - ( A m i n o p h e n y l ) methy 1 s u l f o n e  was
d i a z o t i z e d  and  t h e n  r e a c t e d  w i t h  p o t a s s i u m  e t h y l  x a n t h a t e
102a c c o r d i n g  t o  t he  p r o c e d u r e  i n  t he  l i t e r a t u r e  . More
t h a n  s e v e n  s p o t s  were  o b s e r v e d  Dy TLC. No a t t e m p t  was made
t o  i s o l a t e  t he  p r o d u c t .
A t t e m p t e d  S y n t h e s i s  o f  B i s - 2 - m e t h y l s u l f o n y l p h e n y l  
101D i s u l f i d e  ( 1 0 4 ) .  A s o l u t i o n  o f  2 - b r o mo p h e n y 1 me t hy l
s u l f o n e  ( 0 . 3 0 0 g ,  1 . 2 8  mmol) i n  warm e t h a n o l  was a dded  to a 
m i x t u r e  o f  s u l f u r  ( 0 . 3 2 0 g ,  . 0100mol )  and s od i um s u l f i d e
1 03
11 . j g i  . 017  mol )  i n  wa t e r  (25 mL).  The m i x t u r e  was n e a c e d  
a t  r e f l u x  f o r  t h i r t e e n  h o u r s .  The e t h a n o l  was removed under  
r e d u c e d  p r e s s u r e  and t n e n  t ne  m i x t u r e  was T i l l e r e d  to 
remove u n r e a c t e d  m a t e r i a l .  The i i l t r a t e  was p o u r e d  i n t o  
c o n c .  h y d r o c n l o r i c  a c i d  (5 mL) and i c e  wher eupon  a 
p r e c i p i t a t e  was f o r me d .  E x t r a c t i o n  o f  Chi s  mate r i a l  w i t n  
b o i l i n g  c h l o r o f o r m  gave  a s o l i d  whi ch  was i d e n t i f i e d  a s
is t a r t i n g  m a t e r i a l  oy TLC. H nMR s p e c t r u m  no 6282 
(CDCl^)  ma t ched  i d e n t i c a l l y  w i t h  t he  NMR o f  t he  
s t a r t i n g  m a t e r i a l .
2 - M e r c a p t o p h e n o l  (.105) was p r e p a r e d  f rom 
2 - a m i n o p n e n o l  i n  25 p e r  c e n t  y i e l d  a c c o r d i n g  t o  t h e  
p r o c e d u r e  i n  t he  l i t e r a t u r e : op 106 °L;  iR 
s p e c t r u m  no 1 o55 ( n e a t )  5440 ( .or ,  Oh) ,  2p50 (m, SH) 1560,  
1430 ,  1475 ,  1200,  )50 cm'"'  ;  ^H NMR s p e c t r u m  no o917 
(CDCl^)  (5 ( .  5 5 - 0 . 6 2  Cm, 4H, ArH) , 6 . 4 5  ( s ,  1H, OH),
5 . 0 4  (. s , 1 H , 8H) .
2 - H y d r o x y p n e n y l  Me t hy l  S u l f i d e  ( 1 0 6 ) .   ^ a 
s o l u t i o n  o f  2 - m e r c a p c o p h e n o l  ( 5 . o g ,  0 . 0 p 9  mol )  i n  me t h a n o l  
( 5 . 3 b  mL) was p l a c e d  i n  a 50 mL t h r e e - n e c K e d  r o u n d - b o t t o m e d  
f l a s k  e q u i p p e d  w i t h  a t h e r m o m e t e r ,  r e f l u x  c o n d e n s e r  and a 
m a g n e t i c  s t i r r e r .  bodium h y d r o x i d e  ( 1 . 4 5  g ,  0 . 0 5 9 0  mol)  
was a a d e d  and t he  m i x t u r e  was h e a t e d  on a w a t e r - b a t h  u n t i l  
t h e  s od i um h y d r o x i d e  had d i s s o l v e d .  Tnen t he  f l a s k  was 
p l a c e d  i n  an i c e - w a t e r  b a t h .  Met hyl  i o d i d e  ( 5 - 5 g ,  0 . 0 5 0  
mol )  was s l o w l y  a d d e d  w i t h  s t i r r i n g ,  and t he  m i x t u r e  was 
h e a t e d  u n a e r  r e f l u x  f o r  one h o u r .  A f t e r  e v a p o r a t i o n  o f  t ne
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s o l v e n t ,  wa t e r  was a d d e d  u n t i l  t ne  s od i um i o d i d e  had 
d i s s o l v e d .  The o r g a n i c  p h a s e  was s e p a r a t e d  and cne aq u e o u s  
p h a s e  was e x t r a c t e d  t wi c e  w i t h  e t h e r .  The comoi ned  o r g a n i c  
p h a s e s  were d r i e d  o v e r  a n h y d r o u s  s oa i um s u l f a t e .  Tne e t h e r  
was removed unde r  r e d u c e d  p r e s s u r e .  P u r i 1 i c a t i o n  by 
d i s t i l l a t i o n  unde r  r e d u c e d  p r e s s u r e  ( . a s p i r a t o r )  y i e l d e d  
4 . 1  bg 175 . 0  7o): bp 9 6 - 9 7  °C ( l i t 128 pO-92 °C (10 
t o r r ) ) ;  1R s p e c t r u m  no 2514 ( n e a t )  5420 ( b r ,  OH) 1500 ,
1470 ,  1290 ,  1240,  1200 and ?50 cm"1 ; 1H NMR
s p e c t r u m  no 6925 ( C D C l ^ j S  / . 6 9  (m, 5H, ArH, OH),  2 . 2 8  
( S ,  pH, CH3 ) .
2 1 - M e t h y l t h i o p h e n y l  4 - T o l u e n e s u l f o n a t e  ( .107) .  1
2 - H y d r o x y p h e n y l  me t h y l  s u l f i d e  ( 1 . 4 g ,  0 . 0 1 0  mol )  was 
a i s s o l v e d  i n  d i c h l o r o m e t h a n e  (20 mL) i n  a pO mL 
r ound- DOt t omed  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  The 
f l a s k  was p l a c e d  in  an i c e - b a t h  and t r i e t h y l a m i n e  ( 1 . 0 1 g ,  
0 . 0 1 0 0  mol )  was a a d e d  wi ch  s c i r r i n g .  Then 4 - t o l u e n e s u l f o n y l  
c h l o r i d e  ( 1 . 9 0 5 g ,  0 . 0 1 0 0  mol )  was a d d e d .  The r e a c t i o n  
m i x t u r e  was s t i r r e d  f o r  f i f t e e n  h o u r s .  The m i x t u r e  was 
washed w i t h  wa t e r  ( pO mL) . The o r g a n i c  l a y e r  was d r i e d  
o v e r  a n n y d r o u s  magnes i um s u l f a t e ,  and c o n c e n t r a t e d  unde r  
r e d u c e d  p r e s s u r e  Co g i v e  a w h i t e  s o l i d .  R e c r y s t a l l i z a t i o n  
f rom 95% e t h a n o l  gave  1 . 93g  ( 6 7 . 7 %) :  mp o b - 6 8  °C;  iR 
s p e c t r u m  no 25 55 (K.Br) 1560 and 1170 cm"1 ( s ,  SO^) ;
1 H NMR s p e c t r u m  no o928 (CDCl^)  5 6 . 0 0 - 7 . 8 0  and 
7 - 5 - 7 . 2  (m, 8H, ArH; ,  2 . 4 2  (S,  pH, LCH^) ,  2 . 5 0  ( s ,  3H,
CH^);  1^C NMR s p e c t r u m  no 7288 (CDCl^)  8 1 4 6 . 7 ,
1 1 0
1 4 5 - 3 ,  1 5 3 -0 , ' i 2 9 . o ,  1 2 6 . o ,  1 2 7 . 5 ,  1 2 5 . 7 ,  1 2 2 . 5 ,  75 . 5  and 
21.7' ;  Ana l .  Ca l cd  f o r  C, 5 7 . 1 2 ;
H, 4 . 7 9 .  Found:  C, 5 / . 0 0 ; H, 4 . 7 b .
2 1 - M e t h y l s u l f o n y l p h e n y l  4 - T o l u e n e s u l f o n a t e  1,106).
2 ' - M e t h y l t h i o p h e n y l  4 - to  1u e n e s u l l o n a t e  ( o . 4 9 g ,  0 . 0 2 2  mol )  
was d i s s o l v e d  i n  a c e t i c  a c i d  ^150 mL) i n  a 250 mL 
r o u n d - b o t t o m e d  f l a sk ;  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  A 
s o l u t i o n  o f  30% h y d r o g e n  p e r o x i d e  19 . 46  mL, 0 . 1 1 0  mol )  i n
a c e t i c  a c i d  ( 25 mL) was a d d e d .  Tne m i x t u r e  was s t i r r e d  f o r
f o u r  d a y s  a t  room t e m p e r a t u r e .  Then i t  was p o u r e d  i n t o  
w a t e r .  The wa t e r  m i x t u r e  was e x t r a c t e d  s e v e r a l  t i m e s  w i t h  
c h l o r o f o r m .  The combi ned  c h l o r o f o r m  e x t r a c t s  were washed 
w i t h  w a t e r  u n t i l  n e u t r a l ,  d r i e d  o v e r  a n h y d r o u s  s odi um 
s u l f a t e ,  and c o n c e n t r a t e d  unde r  r e d u c e d  p r e s s u r e  to y i e l d  a
w h i t e  s o l i d .  R e c r y s c a l l i z a t i o n  f rom 55% e t h a n o l  gave  5 . 5 g  
(75%) o f  p r o d u c t :  mp 114- 115  °C;  iR s p e c t r u m  no 2537 
(Kbr )  1460 ,  1370,  1315 ,  1215,  1175,  660 ,  and 720 cm- 1 ;
^H nMR s p e c t r u m  no 7045 (CDCl^)  § d . 2 0 - 7 . 2 5  (m, 6H,
ArH) ,  5 . 1 5  ( s ,  pH, OFF) ,  2 . 2 4  ( s ,  3H, CH^) ; 1 3 C
NMR s p e c t r u m  no 4778 (,CDC1^) (3 1 4 o . 2 ,  1 3 5 . 2 ,  1 3 0 . 3 ,
1 29*9 ,  1 2 9 . 0 ,  1 2 6 . 6 ,  1 2 6 . o ,  1 2 1 . 8 ,  4 5 . 6  and  2 1 . 7 .  Ana l .
Ca l c d  f o r  C ^ H ^ O ^ :  C, 5 1 . 5 3 ;  ri, 4 . 2 9 .
Found:  C,  5 1 . 7 5 ;  H, 4 . 3 4 .
R e a c t i o n  o f  2 1- M e t h y l s u l f o n y l p h e n y l  4 - T o l u e n e  
s u l f o n a t e  w i t h  Sodium H y d r i d e .  Sodium h y d r i d e  ( 0 . 3 0 g ,  75 
mmol) was p l a c e d  i n  f l a m e - d r i e d  t h r e e - n e c k e d  r o u n d - b o t t o m e d  
f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  The f l a s k  was
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c a p p e d  w i t h  r u b b e r  sep t ur as  and was f l u s n e d  w i t h  n i t r o g e n .
By u s i n g  a s y r i n g e ,  t h e  sodi um h y d r i d e  was washed l i v e  
t i m e s  w i t h  d r y  e c n e r  o r  n e x a n e .  Dry THF (5 mL) was n e x t  
a dded  t o  Che f l a s k .  i he  m i x t u r e  was c o o l e d  co -  (6 °C 
u s i n g  a Dry i c e - a c e t o n e  b a t h .  A s o l u t i o n  o t  
2 1- m e t h y l s u l f o n y l p h e n y l  4 - t o l u e n e  s u l f o n a t e  ^ 0 . 5 0 g ,  15 
mmol) i n  d r y  THF (.20 mL) was made u n d e r  n i t r o g e n  and t h e n  
a d d e d  t o  t h e  sodi um n y d r i d e  by a s y r i n g e .  A f t e r  two n o u r s  
a t  - 78  °C,  no r e a c t i o n  nad o c c u r e d  OlLC).  The m i x t u r e  
was a l l o w e d  t o  warm t o  room t e m p e r a t u r e .  A f t e r  t we l v e  h o u r s  
a t  room t e m p e r a t u r e ,  w a t e r  was a dde d  t o  t he  mi l k y  mi x t u e  to 
d e s t r o y  u n r e a c t e d  s od i um h y d r i d e .  The p r e c i p i t a t e  was 
f i l t e r e d .  THF was r emoved unde r  r e d u c e d  p r e s s u r e  and t he  
m a j o r i t y  o f  t n e  r e s i d u e  was d i s s o l v e d  i n  d i c h i o r o m e t h a n e . 
borne u n d i s s o l v e d  m a t e r i a l  was removed by f i l t r a t i o n .  The 
d i c n l o r o m e t h a n e  s o l u t i o n  was d r i e d  o v e r  a n h y d r o u s  magnes ium 
s u l f a t e  and was t h e n  c o n c e n t r a t e d  unde r  r e d u c e d  p r e s s u r e  to 
y i e l d  s t a r t i n g  m a t e r i a l  whi ch  was i d e n t i f i e d  by TLC,
0 . 0 1 2pg ( 2 . 4 6 %) .
The p r e c i p i t a t e ,  whi ch  nad been l i t t e r e d  a f t e r  wa t e r  
had been a d d e d  t o  t h e  r e a c t i o n  m i x t u r e ,  was a i r  c r i e d :  1R 
s p e c t r u m  no 2678 (K.Br) 3480 ,  3380 ,  1240 - 1 1 8 0  ( b r , s ) ,  1165,  
1150 cm-1 ;  ^H NMR s p e c t r u m  no 7085 tD^O) <5 
7 . 8 5 - 7 . 2 5  ( AA' BB' ,  4H,  A r H ) , 2 . 3 5  ( s ,  5H, OH ) . The 
compound was i d e n t i f i e d  a s  s od i um 4 - t o i u e n e s u l f o n a t e  by nmr 
s p e c t r o s c o p y .  The H NMR o f  t h i s  compound was r u n ,  some 
c o mme r c i a l  s od i um 4 - t o l u e n e  s u l f o n a t e  was a d d e d ,  and t h e
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s p e c t r u m  was r e c o r d e d  a g a i n .  The oands  i n  t he  s e c o n d  
s p e c t r u m  were more i n t e n s e  t han  i n  t he  i i r s t  s p e c t r u m  bu t  
a t  t n e  same f r e q u e n c y ,  ( s p e c t r u m  no / 284 )
The m a t e r i a l  i n s o l u b l e  i n  d i c h i o r o m e t h a n e  was 
d i s s o l v e d  i n  w a t e r ,  t he  s o l u t i o n  was a c i d i f i e d  w i t h  
h y d r o c h l o r i c  a c i d ,  and t h e n  the  m i x t u r e  was e x t r a c t e d  w i t h  
c h l o r o f o r m .  A f t e r  b e i n g  d r i e d  ov e r  a n h y a r o u s  magnes ium 
s u l f a t e ,  t h e  c h l o r o f o r m  was r emoved unde r  r e d u c e d  p r e s s u r e  
t o  g i v e  a s o l i d ;  0 . 2 0 g  i / j %)  whi ch  was p u r i f i e d  by colum 
c h r o m a t o g r a p h y  ( s i l c a  g e l ,  e t n y l  a c e t a t e ) :  mp 30-81 °C 
( l i t ^ ^  8 0 - 8 3  ° C) ;  1R s p e c t r u m  no 5070 (KBr)  3500 
( o r ,  OH),  1280 and 1120 cm-1 ( s ,  802 ) ;  1H NMR 
s p e c t r u m  no 7129 (CDCi^)  5 8 . 9 0  ( s ,  1H, OH),  7 - 9 0 - 6 . 9 0  
(m, 4H,  ArH) ,  3 . 1 2  ( s ,  pH, CH^);  NMR s p e c t r u m
no 7370 (CDC15 ) 1 5 5 . 6 ,  1 3 6 . 3 ,  1 2 3 . 5 ,  1 2 2 . 9 ,  1 2 0 . 6 ,
1 1 8 . 9  and  4 4 . 7 .  Tne compound was i a e n t i i i e d  a s  
2 - ( m e t h y l s u l f o n y l ) p h e n o l  ( 110 ) by c o m p a r i s o n  o f  t he  
m e l t i n g  p o i n t  and t h e  s p e c t r a  w i t h  t h o s e  i n  t ne  
l i t e r a t u r e . ^
2 - N i t r o b e n z y l  Bromide ( 1 1 3 ) .  ^ 6 5 , 1 0 6  
2 - N i t r o t o l u e n e  ( 1 0 0 g ,  0 . 7 2 9  m o l ) ,  N - b r o m o s u c c i n i m i d e  ( 1 2 9 g ,  
0 . 7 2 9  m o l ) ,  d i b e n z o y l p e r o x i d e  ( 0 . 7 5 g ,  30 mmol) and c a r b o n  
t e t r a c h l o r i d e  ( 1 / 5  mL) were n e a t e d  a t  r e f l u x  f o r  e i g h t e e n  
h o u r s  i n  a 250 mL r o u n d - b o t t o m e d  f l a s k .  The r e a c t i o n  
m i x t u r e  was c o o l e d  t o  5 °C,  t he  p r e c i p i t a t e  o f  
s u c c i n i m i d e  and N- b r o m o s u c c i n i m i d e  was r emoved by 
f i l t r a t i o n ,  and t h e  c a r b o n  t e t r a c n l o r i d e  was r emoved un d e r
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r e d u c e d  p r e s s u r e .  The dark.  Drown r e s i d u e  was washed w i t n  
15/o a q u e o u s  s odi um b i s u l f i t e ,  w a t e r ,  15/° a q u e o u s  i e r r o u s  
s u l f a t e ,  and w a t e r .  The o r g a n i c  l a y e r  was chen d r i e d  ov e r  
a n h y d r o u s  sodi um s u l f a t e  and was t r e a t e d  w i t h  c h a r c o a l .  
U n r e a c t e d  2 - n i t r o t o  1uene was r emoved oy d i s t i l l a t i o n  (op o5 
°C,  0 . 2  mm); The u n d i s t i l l e d  r e s i d u e  was r e c r y s t a l l i z e d  
i r om warm low D o i l i n g  p o i n t  p e t r o l e u m  e t n e r  to g i v e  1 5 . Og 
( 1 4 . 8 %) :  mp 4 4 - 4b  °C a i t 129 4 5 - 4 8  ° C) ;  IR 
s p e c t r u m  no q27b ( N u j o l )  I445 (m) ,  1470 ( S ) ,  1590 cm (M);
NMR s p e c t r u m  no / 11o  ( CDC1^) 6  8 . 2 0 - 7 . 5 0  (m, 4H,
ArH) ,  4 . 8 5  ( s ,  2H, CH ) .
N- Met hyl  4 - t o l u e n e s u l f o n a m i d e  ( 1 1 4 ) .  ^
4 - T o i u e n e s u l f o n y 1 c h l o r i d e  ( 9 5 . 5g ,  0 . 5 0 0  mol )  was d i v i d e d  
i n t o  5 p o r t i o n s  o f  6 0 . 0 ,  2 8 . 4  and a o . 9 0 g .  A s o l u t i o n  
sod i um h y d r o x i d e  ( 22g)  i n  w a t e r  (22 mL) was p r e p a r e d  w i t h  
c o o l i n g .  The oOg p o r t i o n  o f  s u l f o n y l  c h l o r i d e  was added  
w i t h  s w i r l i n g  d u r i n g  a b o u t  f i v e  min to 40% a q u e o u s  
me t h y l a mi n e  ( 5 4 . 7  mL, O.boG mol )  c o n t a i n e d  i n  a 500 mL 
r o u n d - b o t t o m e d  f l a s f t .  The m i x t u r e  was a l l o w e d  to h e a t  up to 
3 0 - 9 0  °C i n  o r d e r  to m a i n t a i n  t h e  s u l f o n a m i d e ,  whi ch
1 Orsform a s  an o i l ,  i n  a mo l t e n  c o n d i t i o n  ( l i t  mp 78 
° C ) .  A f t e r  a l l  o f  t h i s  p o r t i o n  o f  s u l f o n y l  c h l o r i d e  had 
been  a d d e d ,  t n e  m i x t u r e  was s n a k e n  v i g o r o u s l y .  B o i l i n g  was 
p r e v e n t e d  by mi l d  e x t e r n a l  c o o l i n g  w i t h  w a t e r  i n  o r d e r  to 
a v o i d  an e x c e s s i v e  l o s s  o f  m e t n y l a m i n e .  As soon a s  t he  
m i x t u r e  nad Decome a c i d i c ,  a s  i n d i c a t e d  by t e s t i n g  a d r o p  
on l i t m u s  p a p e r ,  50% s odi um h y d r o x i d e  s o l u t i o n  ( 1 5 . 7  mL)
1 1 4
was a d a e d  c a r e f u l l y  w i t n  s w i r l i n g .  T h i s  was i c i l o w e d  
i m m e d i a t e l y  by g r a d u a l  a d d i t i o n  o f  t he  2 3 . 4g p o r t i o n  o f  the 
s u l f o n y l  c h l o r i d e  a s  b e f o r e ,  when t ne  m i x t u r e  hau a g a i n  
become a c i d i c ,  s odi um h y d r o x i d e  s o l u t i o n  ( .7.8 mL) was added  
f o l l o w e d  by t ne  l i n a l  o . y g  o f  t ne  s u l f o n y l  c h l o r i d e  . A f t e r  
t h e  m i x t u r e  nad a g a i n  become a c i d i c ,  t h e  r e m a i n d e r  o f  t he  
sod i um h y d r o x i d e  s o l u t i o n  was a d d e d .  The a q u e o u s  pn a s e  o f  
t h e  f i n a l  m i x t u r e  was a l k a l i n e .  A f t e r  t he  w a i l s  o f  t he  
f l a s k  had been  r i n s e d  w i t h  a l i t t l e  w a t e r ,  t ne  r e a c t i o n  was 
c o m p l e t e d  by h e a t i n g  t he  m i x t u r e ,  whi ch  c o n s i s t e d  o f  two 
l a y e r s  and a p r e c i p i t a t e  o f  sodi um c h l o r i d e ,  on a s t e a m 
b a t h  f o r  f i f t e e n  m i n u t e s  w i t h  v i g o r o u s  s t i r r i n g .  The sodium 
c h l o r i d e  p r e c i p i t a t e  was f i l t e r e d  and washed once  w i t h  
e t h e r .  The f i l t r a t e  was a l l o w e d  to c o o l  wher eupon  t he  
p r o d u c t  s o l i d i f i e d  and was f i l t e r e d  and washed wi t h  c o i d  
w a t e r  t o  g i v e  9 1 . 2g ( .93.9%).  R e c r y s t a l l i z a t i o n  was a c h i e v e d  
by d i s s o l v i n g  t h e  p r o d u c t  i n  n o t  e t h e r  and t h e n  a d d i n g  an 
e q u a l  amount  o f  p e t r o l e u m  e t h e r  ( l ow b o i l i n g  p o i n t ) :  mp 
7 4 - 7 9  °C ( l i t 108 7 6 - 7 9  ° C) ;  iR s p e c t r u m  no 4940 
(KBr)  3290 ( s ,  N - H ) , 1325 and 1160 cm-1 { s ,  SO^);
NMR s p e c t r u m  no 7513 (CDC1-) ;  8 / . 9 5 - 7 . 9 6  and 
7 . 4 9 - 7 . 2 0  ( AA1Bd ' , 4H,  Ar H) . 4 . 8 5  ( b r ,  1H, NH) ,  2 . o 2  ( s ,
3H, OH ) , 2 . 4 2 ( s , 3H,  UH ) .
N- M e t h y l - N - ( 2 ' - n i t r o b e n z y l ) - 4 - t o l u e n e s u l f o n a m i d e  
( 1 1 5 ) .  N - M e t h y l - 4 - t o l u e n e s u l f o n a m i d e  ( . 8. 5g,  . 039 
mol )  and p o t a s s i u m  h y d r o x i d e  powder  ( p . Og ,  . 053  mol)  were 
p l a c e d  i n  a 100 mL r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  wi t h  a
1 1 5
m a g n e t i c  s t i r r e r ,  The m i x t u r e  was made i n t o  a p a s t e  by 
a d d i n g  a s ma l l  amount  o f  95/'° e t h a n o l .  A s o l u t i o n  o f  
2 - n i t r o b e n z y l  b r o mi a e  ( 7 . 2 o g ,  . uppO mol )  i n  pp;» e t h a n o l  was 
a d d e d .  The m i x t u r e  was h e a t e d  un d e r  r e f l u x  f o r  l i f t e e n  min,  
t n e n  a l l o w e d  t o  c o o l  co room t e m p e r a t u r e .  Tne i n o r g a n i c  
s a l t  was f i l t e r e d .  The e t h a n o l  was removed unde r  r e d u c e d  
p r e s s u r e  t o  g i v e  a s o l i d  y e l l o w  r e s i d u e  wni ch  was t h e n  
d i s s o l v e d  i n  c h l o r o f o r m .  Tne s o l u t i o n  was washed once  w i t h  
w a t e r ,  d r i e d  o v e r  a n h y d r o u s  magnes i um s u l f a t e ,  and t ne  
c h l o r o f o r m  removed unde r  r e d u c e d  p r e s s u r e  co y i e l d  1 0 . 3 5 g  
( 82 . 00%)  o f  a s o l i d :  mp 1 1 8 - 1 1 9  °C ( e t h a n o l ) ;  1R 
s p e c t r u m  no 2768 (Kbr )  1530 (, s , NO^J,  1350 and 1170 
( s ,  8 0 ^ ) ,  950,  770 and ppO cm*"' ; 1H NMR
s p e c t r u m  no / 3 3 7 (CDCl^)  $ 8 . 2 0 - 7 . 3 0  im, 8H,  ArH) ,  4 . 6 0  
( s ,  2H, CH2 ) ,  2 . 7 5  ( s ,  pH, CH ) ,  2 . 4 9  ( s .  pH,
CH^);  NMR s p e c t r u m  no o321 (CDCL^) 8 1 4 6 . 9 ,
1 4 5 . 9 ,  10 4 . 4 ,  1 5 0 . 8 ,  1 3 2 . 2 ,  1 2 9 - 9 ,  1 2 9 . 6 ,  1 2 8 . 4 ,  1 2 7 0 ,
1 2 4 . 9 ,  5 1 . 1 ,  3 5 . 3  and 2 1 . 5 .  An a l .  Ca l c d  f o r
C15H1 b N2 ° 4 S: 66 ■ 24;  H, p . 04;  M, 8 . 7 4 .
f o u n d :  C,  5 6 . oO; H, 5 . 0 8 ;  N, 8 . 8 2 .
T h i s  g e n e r a l  met hod was us ed  to p r e p a r e  t ne  f o l l o w i n g  
c o mp o u n d s .
N - M e t h y l - N - ( 4 ' - n i t r o b e n z y l ) - 4 - t o l u e n e s u l f o n a m i d e  was 
p r e p a r e d  i n  7 5 . 5  p e r  c e n t  y i e l d :  mp 125- 128  °C;  1R 
s p e c t r u m  no 4965 (KBr)  1515 and 1350 ( s ,  NO^),  1340 and 
1160 cm  ^ {, s , S02 ) ; NMR s p e c t r u m  no 7865 <5
(CDC13 ) S  8 . 4 5 - 7 . 1 0  ( s ,  8H, ArH) ,  4 . 2 8  ^s ,  2H,
1 1 6
Chz ) ,  2 . 6 5  U ,  5 H, im-CH^), 2 . 4 8  I s ,  3H, CHj ) ;
1 3 C NMR s p e c t r u m  no /505 iCDCl^j  <5 1 4 / . o ,  1 4 3 . 9 ,
1 4 5 . 5 ,  1 5 4 . 0 ,  1 2 9 . 8 ,  1 2 d . 8 ,  1 2 7 . 3 ,  1 2 5 . 3 , 5 5 . 5 ,  5 4 - 8  and
2 1 . 5 .  An a l .  C a l c d .  C ^ h ^ b N2 0^ 8 :  o ,  5 6 . 2 4 ;
H, 5 . 0 4 ;  N, 8 . / 4 .  Found:  u,  5 0 . 24 ;  H, 5 . 0 2 ;  N, 8 . 7 5 .
N- Me t h y l - N- ( , 5 l - n i t r o b e n 2 y l ) - 4 - t o l u e n e s u l f o n a m i d e  was
p r e p a r e d  i n  74 p e r  c e n t  y i e l d :  mp 104 - 1 0 5  °C;  IR
s p e c t r u m  no 5116 iKBr)  1540 and 1560 i s ,  N02 ) ,  1540 and
1160 cm  ^ ( s ,  SO^) ;  ^H NMR s p e c t r u m  no /961
(CDCl^)  d d . 5 8 - 7 . 5 0  I s ,  dH,  ArH) 4 . 2 8  i s ,  2H,  CH2 ) ,
2 . 0 5  i s ,  5H, N-CH ) ,  2 . 4 8  i s ,  3H, CH^) ;  13C NMR
s p e c t r u m  no 5592 (CDCl^)  8 1 4 3 . 4 ,  1 4 5 . 9 ,  1 5 3 . 2 ,  1 5 4 . 2 ,
1 3 4 . 0 ,  1 2 9 - 9 ,  1 2 9 . 3 ,  1 2 / . 3 ,  1 2 2 . 9 ,  5 5 . 4 ,  5 4 . 8 , and 2 1 . 5 .
An a l .  Ca l c d  t o r  C^  QN2 0 ^ S : C, 0 6 . 2 4 ;  H,
5 . 0 4 ;  N, d . / 4 .  Found:  C, 5 3 . 8 5 ;  H, 4 . 9 8 ;  N, 8 . 7 2 .
N - S e n z y l - N - m e t h y l - 4 - t o l u e n e s u l f o n a m i d e  1126)  was
p r e p a r e d  i n  d 3 . 2  p e r  c e n t  y i e l d :  mp 53- 94  °C;  IR
s p e c t r u m  no 5098 lK.Br) 1345 and 1 1 / 0  cm I s ,  802 );
1H NMR s p e c t r u m  no /927 i C D C l ^ j S  / . 9 5 - 7 . 6 8 ,
7 . 5 5 - 7 . 1 8  (m, 8H,  ArH) ,  4 . 1 5  ( s ,  2H, CH ) ,  2 . 5 8  i s ,  oH,
A
N-CH^) ,  2 . 4 6  I s ,  3H, CH^) ;  ^ 3 C NMR s p e c t r u m  no 
5472 ICDC13 ) , £  1 4 3 . 4 ,  1 3 5 . 7 ,  1 3 4 . 4 ,  1 2 9 . 7 ,  1 2 3 . 5 ,
1 2 8 . 3 ,  1 2 7 . 8 ,  1 2 / . 4 ,  5 4 . 1 ,  3 4 . 3 ,  and 2 1 . 3 .  An a l .  Ca l c d  l o r :  
C-]^H^yN02 S: C, 6 5 . 6 7 ;  H, 6 . 2 5 ;  N, 5 . 1 1 .  Found:
C, 6 5 . 0 8 : H, 6 . 3 0 ;  N, 4 . 9 9 .
N- Me t n y l - N - 1 2 1- b r o m o b e n z y l ) - 4 - t o l u e n e s u l f o n a m i d e  
(131)  was p r e p a r e d  m  q u a n t i t a t i v e  y i e l d :  mp 8 2 - 8 5  °C;
1 1 7
-  1IR s p e c t r u m  no o278 vRBr) 1350 and 1165 cm- ( s ,
SO^) ;  ' h NMR s p e c t r u m  no 103 73 VCDCI^) <5
7 . 9 2 - 7 . 0 5  vm, 4H, ArH) ,  4 . 2 8  Vs, 2H, C h ^ j , A. 65 vs ,  3 H,
N- CH. ) ,  2 . 4 2  vs ,  3H, CH^);  NMR s p e c t r u m  no
7582 (CDCl^)  5 1 4 5 . 6 ,  1 3 5 . 0 ,  1 3 4 . 4 ,  1 3 2 . 7 ,  1 2 9 . 0 ,
1 2 9 . 2 ,  1 2 7 . 9 ,  1 2 7 . 5 ,  1 2 5 . 4 , 5 3 . 6 ,  o 5 . o ,  and  2 1 . 5 ,  Ana l .
Ca l c d  l o r  C^  b urN02 S : , 5 0 . 8 b ;  H, 4 . 3 5 ;  N,
5 . 3 5 .  Found:  C, 5 1 . 2 4 ;  H, 4 . b 3 ;  N, 4 . 0 0 .
N-Me t h y 1 - N - ( 2 ' - a m i n o b e n z y l ) - 4 - t o l u e n e s u l f o n a m i d e
Method A ; N - Me t h y 1 - N- ( 2 ' - n i t r o b e n z y 1 ) - 4 -  
t o l u e n e s u l f o n a m i d e  (O. pOg,  1 . 5  mmol) was a d d e d  t o  
g r a n u l a t e d  t i n  ( 1g)  i n  a 50 mL t h r e e - n e c k e d  r o u n d - b o t t o m e d  
f l a s k  e q u i p p e d  w i t h  a m e c h a n i c a l  s t i r r e r  and  a r e f l u x  
c o n d e n s e r .  Some 95% e t n a n o l  V 2 . 5  mL) was added  to  h e l p  
f a c i l i t a t e  t h e  r e d u c t i o n .  H y d r o c h l o r i c  a c i d  (10%,  10 mL) 
was a dded  s l o w l y  w i t h  v i g o r o u s  s t i r r i n g .  Ne x t ,  t he  m i x t u r e  
was h e a t e d  to b o i l i n g  f o r  t w e n t y  mi n.  Then t he  m i x t u r e  was 
d e c a n t e d  w h i l e  i t  was s t i l l  h o t  i n t o  w a t e r  (5 mL).  
S u f f i c i e n t  5 . 0  N s od i um h y d r o x i d e  s o l u t i o n  was a a d e d  to  
d i s s o l v e  t h e  t i n  n y d r o x i d e .  The a q u e o u s  s o l u t i o n  was 
e x t r a c t e d  t n r e e  t i me s  w i t h  e t h e r .  The c ombi ne d  e x c r a c t s  
were  d r i e d  o v e r  a n h y d r o u s  magnes i um s u l f a t e ,  and 
c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r  t o  g i v e  a y e l l o w  s o l i d :  
R e c r y s t a l l i z a t i o n  f rom e t h a n o l  gave  0 . 2 2 5 g  ( 5 0 . 0 %) .
Method B ; N- Me t h y 1 - N- ( 2 ' - n i t r o b e n z y 1 ) - 4 -
t o l u e n e s u l f o n a m i d e  ( 2 . 0 d g ,  6 . 5 0  mmol) and 35% e t h a n o l  (175
118
mL) were p l a c e d  i n  a 250-mL r o u n d - b o t t o m e d  f x a s k  e q u i p p e d  
w i t h  a m a g n e t i c  s t i r r e r .  A s o l u t i o n  o f  s t a n n o u s  c h l o r i d e  
( 5 . 3 0 g,  0 . 0 2 0 5  mol )  i n  c o n c e n t r a t e d  h y a r o c n l o r i c  a c i d  (.10 
mL; was added  w i t n  s t i r r i n g .  The m i x t u r e  was n e a t e a  unde r  
r e f l u x  f o r  t h r e e  h o u r s  a t  whi ch  t ime no s t a r t i n g  m a t e r i a l  
was d e t e c t e d  by ILL (95;° CHCl^,  5/0 Et OAc) . The s o l u t i o n  
was a l l o w e d  t o  c o o l  to room t e m p e r a t u r e .  Then i t  was made 
b a s i c  w i t h  5.5N iMaOH a f t e r  whi ch  i t  was e x t r a c t e d  t h r e e  
t i m e s  w i t h  e t n e r .  Tne comoi ned  e x t r a c t s  were washed w i t h  
w a t e r ,  d r i e d  ov e r  a n h y d r o u s  magnes ium s u l f a t e  and 
c o n c e n t r a t e d  to g i v e  a wh i t e  s o l i d ;  1 . 7 0 g  ^d0;°) :  mp 1 2 1 - 122  
°C;  IR s p e c t r u m  no 2771 (KBr) 5490 and o400 ( s ,
NH^),  1235 and 11oO cm  ^ (S,  3 0 ^ ) ;  NMR
s p e c t r u m  no 7353 iCDCl^j  3  9 . 9 0 - O . 4 3  (m, dH,  Arh)  4 . 4 0
( b r ,  2H, NH2 ) ,  3 . 9 5  i s ,  2H, CH, ) , 2 , 5 5  i s ,  3H,
ChL ) , 2 . 41  ( s ,  3H, CH^) ; i\l MR s p e c t r u m  no
4905 ICDC13 ) $  1 4 6 . 5 ,  1 3 3 . 2 ,  1 3 1 . 1 ,  1 2 9 . 3 ,  1 2 9 . 7 ,
1 2 / . 7 ,  1 1 7 . 9 ,  1 1 7 - 5 ,  1 1 5 . 9 ,  3 2 . 0 ,  5 4 . 0  and  z .1.5.  Ana l .
Ca l c d  f o r  C ^ H ^ N ^ O ^ S :  C, o 2 . 0 4 ;  n , 9 . 6 5 ;
H, o . 2 p .  F'ound: C, o 2 . y / ;  N, 3 . 5 3 ;  H, 6 . 3 0 .
The f o l l o w i n g  compounds  were p r e p a r e d  by method A.
N- Me t h y 1 - N- ( 4 ' - a m i n o b e n z y l ) - 4 - t o l u e n e s u l f o n a m i d e ( 1 2 4) 
was s e p a r a t e d  f rom t h e  c r u a e  s o l i d  p r o d u c t  by S o x h l e t  
e x t r a c t i o n  ( e t h e r - s o l v e n t )  i n  /5 - 5 p e r  c e n t  y i e l d :  mp 
1 5 3 - 1 5 4  °C;  iR s p e c t r u m  no 3097 (KBr)  3000 and 3410 I s ,  
NH2 ) ,  1355 and 1155 cm  ^ ( s ,  SO^) ;  NMR 
s p e c t r u m  no 7 895 ,  (CDC1 )fl 7 . 9 5 - 7 . 6 9 ,  7 . 6 5 - 7 . 0 0  and
119
b . 8 5 - o . o 0  lAA1BB1, 8H,  A r h ) ,  4 . 0 2  l s , 2H,  NH^),  5 . o 5  
( s ,  2H,  CH ) , 2 . 5 b  i s ,  pH,  N-CH^) ,  2 . 4 8  i s ,  pH, bH 
j )  ; l 3 C NMR s p e c t r u m  no 5480 iCDCl^.) <5 1 4 o . 2 ,
1 4 5 . 2 ,  1 p 4 . 4 ,  1 2 9 . 6  1 2 7 . 4 ,  1 2 5 . 0 ,  I ' l p.O,  5 0 - 7 ,  5 5 . 9  and
2 2 . 1 .  An a l .  Ca l c d  t o r  ^ i ^ C ^ S : C,
o 2 . 0 4 ;  H, 0 . 2 5 ;  N, 9 . o 5 ;  Found:  C, o 1 . / 0 :  H, o . 5 1 ;  N,
9 . 5 o .
N-Me t h y 1 - N - ( 5 ' - a m i n o b e n z y l ) - 4 - t o l u e n e s u l f o n a m i d e  
(, 1 2 5 ) was s e p a r a t e d  i r om t he  c r u d e  s o l i d  p r o d u c t  by
S o x n l e t  e x t r a c t i o n  i n  p 2 . 2  p e r  c e n t  y i e l d :  mp 112- 115
°C;  IR s p e c t r u m  no p115 (.KBr) pOOO and 5410 i s ,
NH ) ,  1555 and 1160 cm-1 i s ,  8 0 ^ ) ;  1H wMR
s p e c t r u m  no 796o (CDCl^)  S 7 . 9 2 - 6 . 4 8  lm, 8H,  Ar H) , 4 . 0 5
( s ,  2H, CH ) , 5 . 7 0  I b r ,  AH, NH^) ,  2 . 8 0  i s ,  pH,
N-CH^ ) ,  2 . 4 5  i s ,  5H,  CH^);  NMR s p e c t r u m  no
5540 (CDC13 ) (5 1 4 6 . 9 ,  1 4 5 . 8 ,  I 5 6 . 9 , 1 5 4 - 4 ,  1 2 9 . 7 ,
1 2 9 . 4 ,  1 2 / . 5 ,  1 1 8 . 4 , 1 1 4 - 6 ,  o 4 . 1 ,  p 4 . 4  and 2 1 . 5 .  Ana i .
Ca l c d  f o r  C^  H^  8 N2 0 2 S : C, o2 . 0 4 ;  H, 6 . 2 5 ;
N, 9 . 6 5 . l o u n a :  C, o 2 . o b ;  H, 6 . 5 6 ; N, 9 . 7 5 .
1 ^PN- Met hy1- N - ( 4 - d i m e t h y 1a m i n o ) b e n z y l i m i n e  J 
we t h y  l a mi n e  (40$ a q u e o u s  s o l u t i o n ,  7 . / 5  mL) was a dde d  t o  a 
s o l u t i o n  o f  4 - d i m e t h y l a m i n o b e n z a l d e h y d e  l 1 0 g ,  0 . 0 6 7  mol )  i n  
m e t h a n o l .  Tne s o l u t i o n  was s t i r r e d  o v e r n i g h t  a t  room 
t e m p e r a t u r e ,  p o u r e d  i n t o  s a t u r a t e d  b r i n e  (,50 mL),  and t h e n  
e x t r a c t e d  w i t h  f i v e  25 mL p o r t i o n  o f  c h l o r o f o r m .  The 
combi ned  e x t r a c t s  were d r i e d  o v e r  a n h y d r o u s  magnes ium 
s u l f a t e .  The s o l v e n t  was t aKen o f f  u n d e r  r e d u c e d  p r e s s u r e
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t o  y i e l d  a y e l l o w  s o l i d  1 0 . 5g ( 9 5 . 7 5 )  whi ch  was used 
w i t h o u t  p u r i f i c a t i o n :  ' h NMR no 3529 (CDCl^)  S  3 . 1 7  
( s ,  1H, CH),  7 . 7 5 - 7 . 4 5  and 6 . 3 5 - o . b 0  (AA' BB1 , 4H, ArH) ,
3 . 4 5  ( s ,  3H, N-CH^) ,  p . 00 ( s ,  bH,  N(CH^)p) ;
NMR s p e c t r u m  no 6110 (CDCI, . ) ($ 1 6 2 . 2 ,  1 5 1 . 9 ,
y
1 2 9 . 1 ,  1 2 4 . 5 ,  1 1 5 . 5 ,  4 7 . 9  and 4 0 . 1 .
132N- Met hy1- N - ( 4 - d i m e t n y l a m i n o ) b e n z y l a m i n e . J 
4 - D i m e t h y l a m i n o -  N - m e t h y l b e n z y l i m i n e  ( 3 . 3 g ,  0 . 0 2 3  m o l ) ,  d r y  
me t h a n o l  (379 mL) and s od i um b o r o h y d r i d e  ( 0 . 8 7 g ,  0 . 0 2 5  mol)
i n  a 500 mL r o u n d - b o t t o m e d  f l a s k  were s t i r r e d  a t  room
t e m p e r a t u r e  f o r  e l e v e n  h o u r s .  The s o l u t i o n  was p o u r e d  i n t o  
a m i x t u r e  o f  e t h y l  a c e t a t e  (300 mL) and s a t u r a t e d  p o t a s s i u m  
c a r b o n a t e  (30 mL).  The a q u e o u s  l a y e r  was e x t r a c t e d  f o u r  
t i m e s  w i t h  e t h y l  a c e t a t e  (100 mL).  The combi ned  e x t r a c t s  
were d r i e d  o v e r  a n h y d r o u s  magnes ium s u l f a t e .  The s o l v e n t  
was e v a p o r a t e d  unde r  r e d u c e d  p r e s s u r e  t o  y i e l d  a y e l l o w  
l i q u i d  whi ch  was u s ed  i n  t he  n e x t  r e a c t i o n  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n :  IR s p e c t r u m  no 4204 ( n e a t )  3340 ( b r ,  NH),
11o0 ,  1515 and 1340 cm- "'; "'h NMR s p e c t r u m  no 885 
( CDCl^) £ 7 . 3 8 - 7 . 0 2  and 6 . 8 8 - 6 . 2 5  (AA'BB'  , 4H,  ArH) ,
3 . 6 0  ( s ,  2H, CH2 ) ,  2 . 9 0  ( s ,  7H, N(Me)2 and NH),
2 . 3 5  ( s ,  3H, N-CH ) .
N - M e t h y l - N - ( 4 1- d i m e t h y l a m i n o b e n z y l ) - 4 - t o l u e n e s u l f o n a m i d e  
( 127)  . N - M e t h y 1 - 4 - d i m e t h y l a m i n o b e n z y l a m i n e  ( 2 . 0 g ,  . 012 
mol )  i n  d i c h l o r o m e t h a n e  (20 mL) i n  a 50 mL r ound 
b o t t o m e d - f l a s k  was c o o l e d  i n  an i c e - s a l t  b a t h .  P y r i d i n e  (1
1 21
mL) and t h e n  4 - t o l u e n e s u l i o n y l  c h l o r i d e  i 1 . 9 g ,  0 . 0 1 2  moi j  
were  a d d e d .  A f t e r  two n o u r s ,  t h e  r e a c t i o n  was c o mp l e t e  
(TLC) .  The r e a c t i o n  m i x t u r e  was p o u r e d  i n t o  wacer  (.20 mu).  
The o r g a n i c  l a y e r  was s e p a r a t e d  and washed once  w i t h  wa t e r  
(15 mL),  d r i e d  o v e r  a n h y d r o u s  magnes ium s u l f a t e  and 
c o n c e n t r a t e d  unde r  r e d u c e d  p r e s s u r e  Co g i v e  an o r a n g e  
s o l i d .  R e c r y s t a i i z a t i o n  i r om 95/° e t h a n o l  gave  2 . 4 8 g  
( 6 3 . 9 / ° ) :  mp 150-131 °C;  IR s p e c t r u m  no o747 (Kbr )  1p35 
and 1163 cm  ^ (S ,  S02 ) ;  ^H NMR s p e c t r u m  no d695 
( CDCl^) 8  ! . 8 9 - 7 . 6 2 , 7 . 6 2 - 7 . 0 0  and b . 8 1 - 6 . 6 3  ( AA' BB' ,
8 H, ArH) ,  4 . 0 2  ( s ,  2H,  CH^) ,  2 . 9 9  i s ,  6 H, N(Me)2 ) ,
2 . 5 5  i s ,  pH,  N-CH ) ,  2 . 4 5  ( s ,  5H, CH^) ;  15C NMR 
s p e c t r u m  no 6144 ( C D C l ^ ) ^  1 5 0 . 2 , 1 4 3 . 1 ,  1 3 4 . 5 ,  1 2 9 . 5 ,
1 2 ^ . 5 ,  1 2 5 . 0 ,  1 1 2 . 5 ,  O5 . o ,  4 0 . 5 ,  3 o . 8  and 2 1 . 4 .  Ana l .  Ca l c d  
f o r  C1.^H2 2 iM2 0 2 S: C, 6 4 . 1 2 ;  H, 0 . 9 6 ; N,
8 . 8 0 .  Found:  C, o 3 . o 7 ;  H, 7 . 0 9 ;  N, 8 . 5 8 .
R e a c t i o n  o f  N - m e t h y l - N - ( 2 ' - a m i n o p e n z y l ) -  
4 - t o l u e n e s u l f o n a m i d e  w i t h  n - B u t y l l i t n i u m .  i \ i -Methyl -N-  
\,2 ' - a m i n o b e n z y l  ) - 4 - t o l u e n e s u l f o n a m i d e  I 0 . 2 0 g ,  O . o 9 mmol) was 
p l a c e d  i n  an o v e n - d r i e d  50 mL t h r e e - n e c k e d  r o u n d - b o t t o m e d  
f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  The f l a s k  was 
f l u s h e d  w i t h  n i t r o g e n  and p l a c e d  i n  an i c e - b a t h .  Dry THF 
(15 mL) and t h e n  1 . 3  M n - b u t y l l i t h i u m  12 . 12  mL, 2 . 7 6  mmol) 
were  a d d e d .  The r e a c t i o n  was f o l l o w e d  by TLC 
( CHCl ^: Et OAc) .  The r e a c t i o n  s o l u t i o n  t u r n e d  d a r k - r e d  a 
few m i n u t e s  a f t e r  a d d i n g  t h e  n - b u t y l 1i t h i u m . A f t e r  s e v e n  
h o u r s  (no cha nge  i n  TLC1 f i v e  d r o p s  o f  w a t e r  were a d d e d .
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The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  l i f t e e n  more mi n.  A 
w h i t e  p r e c i p i t a t e  was f i l t e r e d  and che s o l v e n t  was removed 
u s i n g  a r o t a r y  e v a p o r a t o r .  The r e s i d u e  was a i s s o i v e d  i n  
e t h e r .  The o r g a n i c  l a y e r  was washed w i t h  w a t e r ,  d r i e d  o v e r  
a n h y d r o u s  magnes ium s u l f a t e ,  and c o n c e n t r a t e d  on t he  r o t a r y  
e v a p o r a t o r  t o  y i e l d  a y e l l o w  o i l .  TLC i n  n e x a n e :  e t h e r  
showed s i x  s p o t s .  P r e p a r a t i v e  TLC was us ed  f o r  s e p a r a t i o n .  
Onl y 2 b a n d s  on t he  p r e p a r a t i v e  p l a t e  c o u l d  be s e p a r a t e d  
and  i d e n t i f i e d  (A,  Bj .
A. 0 . 3  ( e t h e r : He x a n e ) ,  w h i t e  s o l i d  . 048g  ( 2 5 $ ) ;
1
H NMR, IR,  mp and mi xed mp were i d e n t i c a l  w i t h  
N - m e t h y l -  4 - t o l u e n e s u l l o n a m i d e .
B. R.  1 . 3  ( e t h e r : h e x a n e ) ,  t h i c k  o i l ;  . 0253g  ( 1 5 # ) :
IR s p e c t r u m  no 28o3 ( n e a t )  34oO and ao70 i s ,  Nf-^)
2 9 3 0 - 2 8 7 0  crn- ”' ( s ,  a l i p h a t i c  CH) ; ' h NMR s p e c t r u m
no 7588 (CL)C1 ) S  ( .  3 - 6 . 5 9  f m, 4H, ArH) p . 58 ( b r ,  2H,
NH^) ,  2 . 5 2  ( t ,  2H, CH-p), 1 . 8 5 - 0 . 6 5  (m, 9H, n - B u ) ;
1 3 C NMR s p e c t r u m  no /391 (CDC1^)(5 1 4 4 . 0 ,  1 2 9 . 4 ,
1 2 7 . 0  1 2 b . 8 ,  1 1 8 . / ,  1 1 5 . 5 ,  b1 . 9> p 1 . 2 ,  2 8 . 4 ,  2 2 . 0  and 1 4 . 0 ;  
MS no 404 M/e ( r e l  i n t e n s i t y )  163 ( 2 8 7 ,  M+ ) ,  164 ( 39 ,
M+1),  162 ( 16 ,  M-1) ,  107 ( 1 0 8 ) , 106 ( 1 0 0 0 J ,  77 ( 1 1 9 ) .  The 
compound was i d e n t i f i e d  a s  2 - p e n t y l a n i 1 i n e  ( 119 ) f rom t h e
a bove  s p e c t r a .
I f  t he  r e a c t i o n  was s t o p p e d  1 hour  a f t e r  a d d i n g  the  
n - b u t y l l i t n i u m  by a d d i n g  me t n y l  i o d i d e ,  p r o d u c t  A was f ound  
a l o n g  w i t h  C and D. C ( 1 1 . 2 %) :  IR s p e c t r u m  no o1o3 ( n e a t )  
2 9 8 0 ,  2800 and 2730 cm- ”' ;  NMR s p e c t r u m  no 7801
! 2 j
(CDCl^)  / . 4 5 - 7 . 0 0  (m, 4H, ArHj ,  2 . 01 ( s , 8H,
N(CH^J2 a n d CH^) i . 6 5 - 0 . o 5  (m, 9H, n - Bu J ;
NMR s p e c t r u m  no 5402 (CDC1 ) 152 . 69 ,  1 5 7 . 6 7 ,
1 2 9 . 4 b , 12 o . 2 2 ,  1 2 5 . 2 3 ,  1 1 9 . 2 6 ,  4 5 . I d , d2 . G 0 ,  DO. pb ,  3 0 . DO, 
2 2 . 6 5  and 1 4 . 0 .  T h i s  compound was i d e n t i f i e d  as
2 - p e n t y 1 - h , N - d i m e t h y l a n i 1i n e . D was a w n i t e  s o l i d :  inp
1 0 4 - 1 0 5  °C;  IR s p e c t r u m  no 2855 (KBr)  134d and 1165
-  1 1cm ( s ,  SO^) ;  H NMR s p e c t r u m  no 7534
(CDCi^)  5 / . 9 2 - 7 . 0 1  (m, oH, rirH) 4.D1 ( s ,  2H,  CH2 ) ,
2 . 6 0  ( s ,  oH,  N(CH^)2 ) ,  2 . 5 3  I s ,  dH, N-CH^) ,
2 . 4 b  ( s ,  DH, CH^) ; ^ 0  NMR s p e c t r u m  no 5179
(CDC13 ) 6  1 4 3 . 2 ,  1 3 4 . 9 ,  1 2 9 - 9 ,  1 2 9 . 7 ,  1 2 9 . 2 ,  1 2 8 . 1 ,
1 2 7 . 5 ,  1 2 5 . 6 ,  1 1 p . 1 ,  4 8 . 9 ,  4 d . 1 ,  d4 . 5  a nd  2 1 . p .  T h i s
compound i s  i d e n t i f i e d  a s  N - M e t n y i - N - ( 2 ' - N 1, N' - d i m e t h y 1
Denzy1 ) - 4 - t o l u e n e s u l f o n a m i d e  ( 1 2 3 )  from tne  above  s p e c c r a .
T h i s  g e n e r a l  p r o c e d u r e  was us ed  f o r  t h e  f o l l o w i n g  
r e a c t i o n .
R e a c t i o n  o f  N - m e t h y 1 - N - b e n z y 1 - 4 - t o l u e n e s u l f o n a m i d e  
w i t n  n - B u t y l l i t h i u m .  The p r o c e d u r e  was t h e  same a s  a b o v e ,  
e x c e p t  t h a t  a w h i t e  p r e c i p i t a t e  was o o t a i n e d  a l t e r  t he  
n - b u t y l l i t h i u m  was a d d e d .  The r e a c t i o n  was c o m p l e t e  i n  one 
hour  (TLC) .  F'our d r o p s  o f  w a t e r  were a d d e d .  Tne p r e c i p i t a t e  
was f i l t e r e d  and t h e  f i l t r a t e  was worked up a s  u s u a l .  Th r ee  
compounds  were i n d i c a t e d  by TLC o f  t n e  f i l t r a t e .  They were 
s e p a r a t e d  oy p r e p a r a t i v e  TLC. The ma j o r  band was an o i l y  
l i q u i d ,  G.Go05g ( 2 5 . 0 %) :  iR s p e c t r u m  no d 103 ( n e a c )
2 9 8 0 - 2 7 8 0  ( s ,  a l i p h a t i c  CH;,  d320 cm- *' ( b r ,  NH); 1H
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NMR s pe c t r u m  no 79dO (CDC1.)<3 / . 3 4  (m, pH,  ArH; ,  5 . 4 5
( t ,  1H, CH),  2 . 2 o  I s ,  5 H, N-CH^) ,  2 . 0 5  kbr,  1H, iMHj, 
1 . 8 0 - 0 . 8 0  km, 9H, n Bu) ;  NMR s p e c t r u m  no Yb/1
( CDCi^) 8  144 . 2 ,  1 2 3 . 5 ,  1 2 7 . 2 ,  1 2 b . 3 ,  b p . b ,  5 7 . 7 ,  5 4 . 5 ,
2 8 . 0 ,  2 2 . 7  and 1 5 . 9 ;  MS no 420 M/e ( r e i  i n t e n s i t y )  17 /  ( 40 ,
M+ ) 17o ( o 1 , M-1 ) 121 (551 ) ,  120 ( 1 0 0 0 ) .  The compound
was i d e n t i f i e d  a s  1 -me t h y l a m i n o - 1- p n e n y l  p e n t a n e  ( 1 2 5 ) i r om
t h e  above  s p e c t r a .  The w h i t e  p r e c i p i t a t e  was i d e n t i f i e d  a s
l i t h i u m  4 - t o l u e n e s u l l i n a t e . i t s  IR and NMR s p e c t r a  ma t ched
t h o s e  i n  t he  l i t e r a t u r e .  An H nMR was a l s o  r un i n
whi ch  a u t h e n t i c  s od i um 4 - t o l u e n e s u i i i n a t e  was a d d e d  to  t h e
unknown.  An i n c r e a s e  i n  t he  i n t e n s i t y  o f  t h e  s p e c t r u m
'I
o c c u r e d ,  bu t  no new p e a k s  were o b s e r v e d . ( H NMR 
s p e c t r u m  no 7 / 2o)
R e a c t i o n  o f  N - m e t h y l - N - ( 5 1- a m i n o b e n z y 1 ) - 4 - t o l u e n e  
s u l f o n a m i d e  w i t h  n - B u t y l l i t n i u m .  The p r o c e d u r e  was t he  
same a s  aoove  e x c e p t  t h a t  t he  s o l u t i o n  t u r n e d  d a r k  g r e e n  
f o r t y  min a f t e r  a d d i n g  t h e  n - b u t y l l i t h i u m .  TLC (CHCl^ 
and  MeOH) snowed t e n  s p o t s .  None o f  t nem were  s e p a r a t e d  o r  
i d e n t i f i e d .
R e a c t i o n  o f  N - m e t h y l - N - ( 4 1- a m i n o b e z y l ) - 4 - t o l u e n e  
s u l f o n a m i d e  w i t h  n - B u t y 11 i t h i u m . The p r o c e d u r e  was t he  
same a s  a b o v e .  TLC (CHCL^) showed more t h a n  o s p o t s .
Only 2 were s e p a r a t e d  by p r e p a r a t i v e  iLC.  One p r o d u c t  
(O. Oo95g,  2 1 . 7 $ )  was i d e n t i f i e d  a s  N- me t hy l  
4 - t o l u e n e s u l f o n a m i d e . The mp and s p e c t r a  a g r e e d  w i t h  
p u b l i s h e d  d a t a  ( S a d t l e r  b p e c t r u m  8085 (NMR), o8b0 ( I R ) ) .
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Tne o t n e r  compound was an o i l y  l i q u i d  (O.OppOg,  11.  o/ °j :  IR 
s p e c t r u m  no o104 ( . nea t )  3430 and t o 8 0  cm" '  ( s ,
NH^);  ' h NMR s p e c t r u m  no 7941 (ODCl^)  <5
7 . I 0 - 0 . 9  and 0 . 3 - 6 . 3 5  (AA' BB1 , 4H, ArH) ,  5 . 5 2  ( b r ,  2H,
NH2 ) ,  2 . 3 8 - 2 . 5 1  ( t ,  2H, CH2 ) ,  1 . 3 0 - 0 . 6 5  (m, 9H,  
n - B u ) ;  MS no 425 M/e ( r e i  i n t e n s i t y )  1b3 0 7 8 ,  M+ ) ,  1o4 
0 4 ,  M + 1 ) , 1o7 ( 2 0 o ) ,  103 ( 1 0 0 0 ) .  The compound was 
i d e n t i f i e d  a s  4 - p e n t y l a n i 1i n e  (128)  f rom che above  s p e c t r a .
R e a c t i o n  o f  N - m e t h y l - N - ( 4 1- d i m e t h y l a m i n o b e n z y 1 ) -  
4 - t o l u e n e s u l f o n a m i d e  w i t h  n - B u t y 11 i t h i u m . The p r o c e d u r e
was t n e  same a s  a b o v e .  Two p r o d u c t s  were  i s o l a t e d .  One was 
a s o l i d ;  ( 0 . 1 8 9 g »  7 b . 9$)  whi ch  was i d e n t i f i e d  a s  l i t h i u m  
4 - t o l u e n e s u l i i n a t e . I t s  s p e c t r a l  d a t a  a g r e e d  w i t h  p u b l i s h e d  
s p e c t r a  ( S a d t l e r  S p e c t r u m 4 4 5 /  (NMR), 13486 ( I R ) ) .  The 
o t h e r  p r o d u c t  was a s e m i - s o l i d  ( 0 . 0 4 / 3 g ,  2 4 . 0 /0; :  iR 
s p e c t r u m  no p823 m e a t )  2970 ,  2 940 ,  2 860 ,  2800 m .  
a l i p h a t i c  CH) ; NMR s p e c t r u m  no 8794 (CDCl^)  S  
/ . 5 3 - / - 0 2  and 6 . 8 9 - o . o G  ( AA' Bb1 , 4H, ArH) , 5 . 4 0  1. 1 , 1H,
CH),  2 . 9 5  ( s ,  6 ,  M(Me)2 ) ,  1 . 9 1 - 0 . 6 5  (m, 9H,  n - B u ) ;
NMR s p e c t r u m  no / 770 (CDCl^)  S  1 4 9 . 0 ,  1 2 / . 9 ,
127. 3> 111 . 5 ,  0 0 . 5 ,  o 9 - 5 ,  d 5*3 ,  2 7 - 5 ,  z1 .5 and  1 2 . 3 ;  m3 no 
470 M/e 220 ( 47 ,  M+ ) ,  189 (218)  1o3 ( 1 0 0 0 ) ,  160 ( 5 3 7 ) .
I t  was i d e n t i f i e d  a s  1 - m e c h y l a m i n o - 1 - ( N, N - d i m e t h y 1 
a m i n o p h e n y l )  p e n t a n e  (130)  f rom t h e  above  s p e c t r a .
R e a c t i o n  o f  N - m e t h y 1 - N - ( 2 1- b r o m o b e n z y l ) -  
4 - t o l u e n e s u l f o n a m i d e  w i t h  n - B u t y l l i t h i u m .  The p r o c e d u r e  
was t h e  same a s  a b o v e .  More t h a n  s i x  s p o t s  were f ound  by
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lLC.  NO i s o l a t i o n  was a t c e r n p t e d .
At t e m p t e d  S y n t h e s i s  o f  2 - 0 x y - 3 H - 1 , 2 , p - b e n z o x a t h i a z o l e  
( 1 3 5 ) .  o - Ami nophe no l  ( 1 . 0 9 g . ,  0 . 0 1 0 0  mol )  was d i s s o l v e d  
i n  a n h y d r o u s  a i e c n y i  e t n e r  (25 mL) i n  a 100 mL t n r e e - n e c k e d  
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  ana  
an a d d i t i o n  t u n n e l ,  t he  f i a s k  was c a p p e d  w i t n  a s e p t u m,  
f l u s h e d  w i t h  n i t r o g e n ,  and p l a c e d  i n  an i c e  b a t h .
T r i e  t h y l a m i n e  ( 2 . 0 2 g ,  u. oZOO mol )  was a dded  w i t h  s t i r r i n g .  
T h i o n y l  c h l o r i d e  ( 1 . 1 y g ,  0 . 0 1 0 0  mol )  i n  a n h y d r o u s  d i e t h y l  
e t h e r  (5 mL) was a d d e d  d r o p w i s e .  i he  m i x t u r e  was b l a c k  
a f t e r  t wen t y  mi n.  A f t e r  one hour  a p r e c i p i t a t e  was 
f i l t e r e d .  Tne f i l t r a t e  was c o n c e n t r a t e  unde r  r e d u c e d  
p r e s s u r e  to g i v e  a b r o w n i s h  o i l .  A f t e r  k u g e l r o h r  
d i s t i l l a t i o n  o f  t h e  b r o w n i s h  o i l ,  o n l y  s t a r t i n g  m a t e r i a l
was r e c o v e r e d .
' 1N - ( 2 - H y d r o x y p h e n y 1 ) - 4 - t o l u e n e s u l f o n a m i d e  ( 141)  .
o - Ami nophe no l  ( 1 . 0 9 g ,  0 . 0 1 0 0  mol )  was s u s p e n d e d  i n  
d i c h l o r o m e t h a n e  (20 mL) i n  a 50 mL r o u n d - b o t t o m e d  f l a s k  
p r o v i d e d  w i t h  a m a g n e t i c  s t i r r e r .  The f l a s k  was p l a c e d  i n  a 
Dry I c e - a c e t o n e  o a t h  and t n e  s u s p e n s i o n  was s t i r r e d .
P y r i d i n e  (1 mL, 0 . 01  mol )  was a dde d  f o l l o w e d  by 
4 - t o l u e n e s u l f o n y l  c h l o r i d e  ( 1 . 91  g> 0 . 0 1 0 0  m o l ) .  The 
m i x t u r e  was s t i r r e d  f o r  one nour  a t  room t e m p e r a t u r e .  Then 
t h e  s o l u t i o n  was washed w i t h  w a t e r  (10 mL) . The me t h y l e n e  
c h l o r i d e  l a y e r  was d r i e d  ov e r  a n h y d r o u s  magnes ium s u l f a t e  
and  t h e n  c o n c e n t r a t e d  unde r  r e d u c e d  p r e s s u r e  to g i v e  2 . 2 4 g  
( 8 5 . 0 %) :  mp 138- 139  °C ( t o l u e n e ) ;  IR s p e c t r u m  no 1829
(KBr)  o410 ( s , Gttj , p290 ( s ,  i\i H) , 'l j? 1 5 and 1155 (. s ,
SO ) ,  1405,  1285,  1080 ,  750 and b?0 cm- 1 ; 1H
NMR s p e c t r u m  no 8729 vCDC1^)<5 / .  8 0 - 6 . 5 0  (,m, 10H,  ArH,
NH, OH),  2 . 5 5  (S,  pH, CH ) .
9 - T o s y l - 1 , 2 , p - b e n z o x a t h i a z o l e - 2 - o x i d e  ( 142)  . 1 1 ^
N - ( 2 - Hydr oxy  pneny 1 ) - 4- t o  1 u e n e s u i f o n a m i d e  1,0 . OOg, 7 . 0 0  
mmol ) ,  c h i o n y l  c h l o r i d e  (,2.0 mL, 28 mmol) and b e nz ene  (,30 
mL) were p l a c e d  i n  a 100 mL r o u n d - b o t t o m e d  f l a s K .  1'he 
r e a c t i o n  m i x t u r e  was n e a t e d  unde r  r e f l u x  f o r  one and a h a l f  
h o u r s  a f t e r  whi ch  t h e  s o l v e n t  was r emoved un d e r  r e d u c e d  
p r e s s u r e .  T r i t u r a t i o n  o f  t he  r e s i d u e  w i t h  e t h e r  (10 mL) 
gave  2 . 05g ( 8 7 . 2 %) ;  mp 130-4 31 °C ( EtOAc) ,  ( 1 i  t 11^ 
mp 132 ° C) ;  IR s p e c t r u m  no 5271 t,K.Br) 1555 and 11o5 ( s ,  
S02 ) ,  1215 ( s ,  SO),  870 ,  8 1 5 ,  o85 c m ' 1 ; 1H NMR 
s p e c t r u m  no d780 (CDCl^)  <5 d . 0 0 - 7 . 7 5  and / . 5 0 - 7 . 0 5  (m,
8H,  Arr i ) ,  2 . 3 8  (, s , 5 H, CH^) ; 1^C NMR s p e c t r u m  no 
6246 (, CDCl^) $  1 4 8 . 3 ,  1 4 5 . 8 ,  1 3 4 . 3 ,  1 5 0 . 1 ,  1 2 7 . 7 ,
1 2 5 . 5 ,  1 2 4 . 6 ,  1 1 4 . 9 ,  11 p . 5 ana  2 1 . 5 .
A t t e mp t e d  O x i d a t i o n  o f  3 - T o s y 1 - 1 , 2 , 3 - b e n z o x a t h i a z o l e  
- 2 - o x i d e . 3 - T o s y l - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 - o x i d e  ( 1 . 9 g ,
5 . 0  mmol) was d i s s o l v e d  i n  a c e t i c  a c i d  (, 15 mL) i n  a 50 mL 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  The 
f l a s k  was p l a c e d  i n  an i c e  b a t h  and s t i r r i n g  was begun .  
P o t a s s i u m  p e r m a n g a n a t e  ( 0 . 4 b g . ,  p . O mmol) i n  w a t e r  (5 mL) 
was adde d  and t n e  mi x c u r e  was s t i r r e d  u n t i l  t h e  c o l o r  o f  
p o t a s s i u m  p e r m a n g a n a t e  p e r s i s t e d .  The r e a c t i o n  m i x t u r e  was 
p o u r e d  i n t o  coid.  s odi um c a r b o n a t e  s o l u t i o n  ( ,2.1kg i n  5 mL
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o i  w a t e r ; .  Tnen a s a t u r a t e d  s o l u t i o n  o f  s od i um o i s u l f i t e  
was a d d e d  t o  d e c o l o r i z e  t h e  m i x t u r e .  The s o l u t i o n  was 
e x t r a c t e d  w i t h  e t h e r  l i v e  t i m e s .  The combi ned  e t h e r  l a y e r s  
were d r i e d  o v e r  a n n y d r o u s  magnes i um s u l f a t e .  The e t h e r  was 
r emoved unde r  r e d u c e d  p r e s s u r e ,  o n l y  s t a r t i n g  m a t e r i a l  was 
r e c o v e r e d .
d - T o s y l - 1 , 2 , 5 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  (.145) • 
Method A : o - T o s y i - 1  , 2 ,  J - D e n z o x a t n i a z o l e - 2 - o x i a e  ( . 0 . 9 2 / g ,
2 . 7 0  mmol) i n  d r y  c h l o r o f o r m  (pO mL) was p l a c e d  i n  a 200 mL 
r o u n d - b o t t o m e d  i i a s K  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  and 
an a d d i t i o n  f u n n e l .  The f l a s k  was p l a c e d  i n  an i c e  b a t h .  
m - C n l o r o p e r b e n z o i c  a c i d  ( 0 . 5 2 g ,  p.O mmol) i n  d r y  c h l o r o f o r m  
(45 mL) was a dded  d r o p w i s e  w i t h  s t i r r i n g .  The s o l u t i o n  was 
s t i r r e d  f o r  e l e v e n  n o u r s  w i t n  t he  t e m p e r a t u r e  l e s s  t h a n  10 
°C.  The s o l u t i o n  was n e u t r a l i z e d  py p a s s i n g  i t  t h r o u g n  
a b a s i c  a l u m i n a  c o l umn .  The s o l v e n t  was r emoved unde r  
r e d u c e d  p r e s s u r e  t o  g i v e  a l i g h t  y e l l o w  s o l i d  whi ch was 
p u r i f i e d  by s i l i c a  co l umn c h r o m a t o g r a p h y  t o  g i v e  0 . 4 4 g
( 45#)  o f  wh i t e  s o l i d ,  mp 120 C ( . d e c o m p o s i t i o n ) .
1 1 4Method B : H h - ( 2 ' - H y d r o x y p h e n y l ) - 4 - t o l u e n e s u l f o n
ami de  ( y . Og ,  0 . 0 5 4  mol )  was d i s s o l v e d  i n  d i c h l o r o m e t h a n e  
( 100 mL),  f r e s h l y  d i s t i l l e d  t r om c a l c i u m  n y d r i d e ,  i n  a 100 
mL t n r e e - n e c k e d  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a 
m e c h a n i c a l  s t i r r e r  and an a d d i t i o n  f u n n e l .  The f l a s k  was 
f l u s h e d  w i t h  n i t r o g e n  and p l a c e d  i n  a Dry I c e - a c e t o n e  b a t h .  
T r i e t h y l a m i n e  ( 9 . 4 5  mL, O.OoQO mol )  i n  a i c n l o r o m e t h a n e  (10 
mL) was adde d  w i t h  s t i r r i n g .  Then f r e s h l y  d i s t i l l e d
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s u l f u r y l  c h l o r i d e  ( 4 . 5 9 g ,  2 . / 3  mL, . 0340  mol )  i n  
d i c h l o r o m e t h a n e  i10 mL) was a a d e d  d r o p w i s e  w i t h  r a p i d  
s t i r r i n g  o v e r  a t h i r t y  min p e r i o d .  The m i x t u r e ,  whi ch  was 
c l o u d y ,  was Kept  a t  - / 3  °C w i t h  r a p i d  s t i r r i n g  t o r  
f i f t e e n  min;  t h e n  i t  was a l l o w e d  co warm to 3 ° 0 .
A d d i t i o n  o f  w a t e r  (oO mL) p r o d u c e d  two c l e a r  p h a s e s ;  t h e  
a q u e o u s  ph a s e  was wasned w i t h  d i c h l o r o m e t h a n e  (20 mL).  Tne 
c ombi ned  o r g a n i c  p h a s e s  were washed t h r e e  t i me s  w i t h  w a t e r ,  
d r i e d  o v e r  a n h y d r o u s  magnes ium s u l f a t e ,  and t hen  the  
s o l v e n t  was r emoved un d e r  r e d u c e d  p r e s s u r e  t o  g i v e  a l i g h t  
y e l l o w  s o l i d .  P u r i f i c a t i o n  by column c h r o m a t o g r a p h y  
( s i l i c a ,  CHCl^J a w h i t e  s o l i d ;  3 . 5 0 g  ( 6 5 . 4 M :  mp 120 
° t  ( d e c o m p o s i t i o n ) ;  IR s p e c t r u m  no 2112 (KBr)  1390 and 
11d0 I s ,  BO^N),  1473 ,  1220 cm-1 ( s ,  SG^G);
 ^H imMR s p e c t r u m  no oo84 (CDCl^j  6 d . 0 7 - 7 . 0 3  (m, 8H,
A r H ) , 2 . p 8  ( s ,  3 H, CH ) ;  ' ^C NMR s p e c t r u m  no 4291
(CDCl^)  (3 1 4 6 . 9 ,  1 4 1 . 1 ,  1 3 0 . 0 ,  1 2 8 . / ,  1 2 6 . 3 , 1 2 5 . 9 ,
1 1 5 . 6 ,  1 1 1 . 9  and  2 1 . 7 .  An a l .  Ca l c d  f o r  
C ^ - H ^ h O ^ S ^ :  C, 4 8 . 0 0 ;  n , 3 3 8 ; N, 4 - 3 1 .
Found:  C, 4 8 . 0 2 ;  H, 3 - 4 4 ;  N, 4 . 2 8 .
3 - T o s y l - 5 - n i t r o - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e 
( 1 / 0 ) was s y n t h e s i z e d  as  above  u s i n g  method B in  7 1 .5  per  
c e n t  y i e l d :  mp 117-116 °C (BtOH);  IR s p e c t r u m  no 5119
(KBr)  1540 and 13o 0 ( s ,  im02 ) , 1425 ,  1403 ,  1255 and 1185
-1 icm 1s , S02 ) ;  ri NMR s p e c t r u m  no 1o300
(CDCI^J S 8 . 5 ,  8 . 5 1 - 7 . 8 5  and / . 5 9 - 7 . 1 9  (m, 9H, ArH) ,
2 . 3 5 ,  ( s ,  pH,  CH^J;  l -?C NMR s p e c t r u m  no 7525
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( CDCl^ j $  1 4 / .  8 ,  1 4 4 . 8 ,  1 4 4 . 0 ,  1:52.1,  1 5 0 . 4 ,  1 2 8 . d ,
1 2 6 . 6 ,  1 2 1 . 8 ,  1 1 2 . 2 ,  1 1 0 . 2 ,  a n a  2 1 . 8 .  An a l .  Ca l c d  f o r
^ 1  8 ^ 1 0 ^ 2 ^ 7 b 2  ’  ^  ’ 4 2 . 1 6 ;  n ,  2 . / 0 ;  i ' m ,
7 . 5 / ' .  Found:  C, 4 1 . ^ 4 ;  H, 2 . 7 2 ;  N, 7 . 5 1 .
P h e n y l l i t n i u m .  n - b u t y l l i t n i u m  (.y.8 mL, 0 . 8 7  mol,) i n 
h ex a n e  was d i v i d e d  i n  f o u r  and p l a c e d  i n  f o u r  n i t r o g e n -  
f i u s h e a  s e p t u m - c a p p e d  c e n t r i f u g e  t u b e s .  Hexane (5 mL) was
a d d e d  t o  e a c h  t u b e .  Br omobenzene  ( 4 . 0 g ,  0 . 2 5  mol )  was added
t o  e a c n  t u b e .  The m i x t u r e s  were a l l o w e d  t o  s t a n d  i n  an o i l  
b a t h  a t  60 °C.  A f t e r  t h r e e  n o u r s ,  t h e  o i l  b a t h  was 
r emove d .  The m i x t u r e s  were  c e n t r i f u g e d .  The s u p e r n a t a n t  
s o l v e n t s  were r emoved w i t h  a s y r i n g e  and t he  r e m a i n i n g  
s o l i d s  were washed w i t h  d r y  h e x a n e .  The c e n t r i f u g i n g  and 
wa s h i n g  p r o c e s s e s  ware r e p e a t e d  s e v e r a l  t i m e s .  The combi ned  
s o l i d  p r o d u c t  was s t o r e d  i n  hexane  un d e r  n i t r o g e n .
T i t r a t i o n  o f  P h e n y l l i t n i u m  S o l u t i o n .  B i p y r i d y l  ( c a .
1 mg) was p l a c e d  i n  a f l a m e - d r i e d  r o u n d - b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  Then t he  i l a s k  was cappe d  
w i t h  a r u b b e r  s ep t um and f l u s h e d  w i t h  n i t r o g e n .  A known 
volume o f  p h e n y l  1i t h i u r n  s o l u t i o n  i n  n e x a n e - e t n e r  was added  
t o  t h e  f l a s k  by s y r i n g e .  A r e d  s o l u t i o n  r e s u l t e d ,  i h e n ,  t he  
s o l u t i o n  was t i t r a t e d  w i t h  s e c - b u t y l  a l c o h o l  t o  a s h a r p  end 
p o i n t  ( r e a  t o  y e l l o w ) .  The r e s u l t  o f  t he  t i t r a t i o n s  a r e  
g i v e n  i n  t a b l e  A.
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T a o l e  A R e s u l t s  o f  PhLi  t i t r a t i o n s .
PhLi(,mL) s - B u t y l  a l c o h o  1 mL) c o n e . o f  PhLn,Mj
1 4 . 6 0  1 .oO 0 . 3 4 6
2 4 . oO 1 . 5 0  0 . 391
3 4 . 8 0  1 . 6 0  0 .  o33
a v e r a g e  0 . p 5 7  
R e a c t i o n  o f  3 - T o s y l - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  
w i t h  Ph e n y l  i i t h i u m .  P h e n y l l i t h i u r n  s o l u t i o n  ( .6.40 mL, 3*08 
mmol) and  THF ( 4 . 2  mL) were p l a c e d  i n  an a d d i t i o n  f u n n e l  
e q u i p p e d  w i t n  a c o o l i n g  j a c k e t  c o n t a i n i n g  an i c e - m e t h a n o l  
m i x t u r e  ( - 1 2  ° C ) .  i n i s  c o o l e d  s o l u t i o n  was t h e n  added  
t o  a s o l u t i o n  o f  3 - t o s y i - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - a i o x i d e  
(O.pOOg,  1 . 5 4  mmol) i n  THF a t  - 78  °C.  The r e a c t i o n  
m i x t u r e  was s t i r r e d  f o r  f o r t y  min ( d a r k  r e d  c o l o r )  and 
t h e n  q u e n c h e d  w i t h  t h r e e  d r o p s  o f  w a t e r .  A f t e r  f i f t e e n  min 
o f  o e i n g  s t i r r e d ,  t h e  w h i t e  p r e c i p i t a t e  was f i l t e r e d  and 
t n e  s o l v e n t  was r emoved unde r  r e d u c e d  p r e s s u r e .  
D i c n l o r o m e t h a n e  was added  t o  d i s s o l v e  t h e  brown r e s i d u e .
The m i x t u r e  was washed once w i t h  w a t e r .  Tne o r g a n i c  l a y e r  
was d r i e d  o v e r  a n h y d r o u s  magnes ium s u l f a t e  and c o n c e n t r a t e d  
u n d e r  r e d u c e d  p r e s s u r e  to g i v e  0 . 2 8 0 g  \ 17. ( - / o)  o f  a l i g h t  
y e l l o w  s o l i d :  mp 124 - 1 2 5  °C (EtOH) ;  iR s p e c t r u m  no 2123 
(KBr)  1305 and 1155 cm” 1 s , 60, , ) ;  1H iMMR
s p e c t r u m  no o5 9 p l C D C l ^ ) $  8 . 1 0 - / . 2 5  (m, 9H, Ar H) , 2 o 9  
( s ,  pH, CH ) .  The compound was i d e n t i f i e d  a s  p h e n y l
4 - t o l y i  s u l f o n e   ^ 144 ) by c o m p a r i s o n  w i t h  s p e c t r a  f rom an 
a u t h e n t i c  s a mp l e .
N- ( 2  1 - Me t h o x y p h e n y l  ) - 4 - t o l u e n e s u l f o n a m i d e  (.1 5o ) .
o - A n i s i d i n e  ( 2 . 4 o g ,  0 . 0 2 0 0  mol )  i n  d i c h l o r o m e t h a n e  .^40 mL) 
was p l a c e d  i n  100 mL r oun d - d o t c o i n e d  f l a s K  e q u i p p e d  w i t n  a 
m a g n e t i c  s t i r r e r .  Tne f i a s k  was p l a c e d  i n  an i c e  b a t h  and 
t he  s o l u t i o n  was s t i r r e d .  P y r i d i n e  ^2 . 0  ml ,  a . 020 mol ;  was 
a dded  i o l l o w e d  by 4 - t o l u e n e s u l i ' o n y l  c n i o r i a e  ( 3 • 81 g , 0 . 0 2 0 0  
m o l ; ,  m e  m i x t u r e  was a l l o w e d  co warm to room t e m p e r a t u r e .
A l t e r  two h o u r s  i t  was p o u r e d  i n t o  w a t e r  (.20 mL) and Che
o r g a n i c  l a y e r  was s e p a r a t e d .  The wa t e r  l a y e r  was e x t r a c t e d  
one more t ime w i t h  d i c n l o r o m e t n a n e  (10 mL).  The combi ned 
o r g a n i c  l a y e r s  were washed once  w i t n  wa t e r  and were d r i e d  
o v e r  a n h y d r o u s  magnes i um s u l f a t e .  The d i c h l o r o m e t h a n e  was 
r emoved unde r  r e d u c e d  p r e s s u r e  and che s o l i d  r e s i d u e  was 
r e c r y s t a i 1 i z e d  i r om 95# e t n a n o l  to g i v e  4 . 4 3 g  (80%) o f  
w h i t e  c r y s t a l s :  mp 1 2 2 - 1 2 3  °C; iR s p e c t r u m  no o749 
(KBr)  o360  ( s ,  imH) , 1340 and 11o0 ( s ,  SO^ ; , 1260  and 
1103  cm- "' (m, C - 0 ) ;   ^H nMR bpecc r um no 20o9
( CDCl^; S  / . 8 2 - 6 . 6 5  (m, 6H, Ar H) , p . o p  ( s ,  3H,
CH^) ,  2 . 3 5  ( s ,  5H, OH ) .  Ana l .  Oa l cd  f o r
C ^ h^ lMO^S: C, oO.bO;  n,  p . 45;  N, 5 . 0 5 .  Found:
C, 6 0 . 4 2 ;  H, 5 . 5 3 ;  N, 5 . 0 0 .
R e a c t i o n  o f  3 - T o s y 1 - 1 , 2 , 3 - b e n z o x a t n i a z o l e - 2 , 2 - d i o x i d e  
w i t h  H y d r o c h l o r i c  a c i d .  An a t t e m p t e d  a c i d i c  n y d r o l y s i s  o f  
t h e  t i t l e  compound was f o l l o w e d  by UV. A s o l u t i o n  (EtOH) o f  
t h e  compound ( 1 . 5 4  x 10” ^)  was s c a n n e d  by t h e  Cary 219 
a t  3 3 0 - 2 2 0  nm. E x c e s s  HC1 s o l u t i o n  was adde d  t o  t h e  s ampl e  
c u v e t t e ,  ho cha nge  i n  a b s o r b a n c e  o c c u r e d .  A s i m i l a r
133
r e a c t i o n  was c a r r i e d  o u t  on a l a r g e  s c a l e  and m o n i t o r e d  by 
TLC. No change  was o b s e r v e d  a f t e r  ch r e e  n o u r s .
R e a c t i o n  o f  3 - T o s y l - 1 , 2 , 5 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  
w i t h  bodium H y d r o x i d e .  A sa mpl e  o f  che t i t l e  compound 
( 0 . 2 0 0  g , 0 . 6 1 b  mmol) was d i s s o l v e d  i n  CH CN: htOH ( 5 : 2  
by v o l u m e ; ,  h x c e s s  s od i um h y d r o x i d e  s o l u t i o n  ( 0 . 5 0  N) was 
a d d e d ,  t he  f l a sk ,  was s t o p p e r e d ,  t h e n  s h a k e n  v i g o r o u s l y  and 
a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  t h r e e  n o u r s  w i t h  
o c c a s i o n a l  s h a Ki n g .  The r e a c t i o n  m i x t u r e  was a c i d i f i e d  w i t h  
c o n c .  HC1 t h e n  e x t r a c t e d  t w i c e  w i t h  c h l o r o f o r m .  The 
combi ned  e x t r a c t s  were a r i e d  o v e r  a n n y d r o u s  magnes ium 
s u l f a t e  and c o n c e n t r a t e d  un d e r  r e d u c e d  p r e s s u r e  to g i v e  a 
b r o w n i s h  o i l  whi ch  was p u r i f i e d  by p r e p a r a t i v e  TLC ( 7 0 % 
y i e l d ) .  The TLC, IR and IN MR and o f  t h e  compound ma t c hed  
t h o s e  o f  N - ( 2 ' - h y d r o x y p h e n y l ) - 4 - to  1u e n e s u l f o n a m i d e  ( 151 ) .
R e a c t i o n  of  5 - T o s y 1 - 1 , 2 , 5 - b e n z o x a t h i a z o i e - 2 , 2 - d i o x i d e  
w i t h  m e t h y l a m i n e . 5 - T o s y l - 1 , 2 , 3 - D e n z o x a t h i a x o l e  
- 2 , 2 - d i o x i d e  ( . 1 3 g ,  0 . 4 0  mmol) was d i s s o l v e d  i n  
a c e t o n i t r i l e  (10 mL) i n  a 25 mL r o u n d - b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  Me t h y i a mi n e  s o l u t i o n ,
40% by w e i g h t  ( . 0 1 1 o g ,  . 0290  mL, 0 . 4 0 0  mmol) was a dde d  and 
t h e  s o l u t i o n  was s t i r r e d  o v e r n i g h t .  Tne m i x t u r e  was 
c o n c e n t r a t e d  on a r o t a r y  e v a p o r a t o r .  The r e s i d u e  was 
e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (10 mL) and washed once  w i t h  
w a t e r .  The o r g a n i c  l a y e r  was d r i e d  o v e r  a n h y d r o u s  magnes ium 
s u l f a t e .  The s o l v e n t  was r emoved u n d e r  r e d u c e d  p r e s s u r e  t o  
g i v e  a w h i t e  s o l i d ,  0 . 1 2 7 g  ( 8 8 . 9 %) .  R e c r y s t a l l i z a t i o n  f rom
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9 dp e t n a n o l  gave  c r y s t a l s :  mp 1 2 1 - 1 2 2  °C;  1R s pe cc r um 
no 4 / 6 3  V KBr) p320 vs ,  NH; 1330 ,  I30O, 1173 cm’ "' vs ,
SO^) ; ^ri nMR s p e c t r u m  no o917 vCDCl^j  <5
7 . 0 9 - 7 . 0 0  Vm, 9H, ArH and NH),  3 . 2 7  ( b r ,  1H, NH),  2 . 6 3  Vd, 
3H, NCH^) , 2 . 3 b  Vs, 3H, CH^) ; NMR s p e c t r u m
no o908 ^  CDC1 ^ )  <5 1 4 4 - 2 ,  1 4 0 . / ,  135*9 ,  1 2 9 * / ,  1 2 7 - 5 ,
1 2 7 . 3 ,  i 2 5 - 7 ,  1 2 2 . o ,  3 0 . 5  and  2 1 . 5 .  An a l .  Ca l c d  f o r
4 ^ 1 b ^ 2 ^ 5 ^ 2 ’ ^ ’ 4 7 . 1 8 ;  H, 4 - 5 2 ;  n,
7 . 8 5 .  Found:  C, 4 7 . 0 5 ;  H, 4 . 4 4 ;  N, 7 . 8 1 .  T n i s  compound was
i d e n t i f i e d  a s  2 1 - VN1- T o s y l ) p h e n y 1 - N - m e t h y 1 s u l f a m a t e  V 148a 
) by t h e  above  s p e c t r a  and t h e  a n a l y s i s .
R e a c t i o n  o f  5- T o s y 1 - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  
w i t h  t e r t - B u t y l a m i n e . The p r o c e d u r e  was t he  same a s  used  
a b o v e .  2 ' - VN1- T o s y l ) p h e n y 1 - N - t e r t - b u t y l  s u l f a m a t e  V 148b 
)was o o c a i n e d  i n  44 p e r  c e n t  y i e l d :  IR s p e c t r u m  no 4902 
(KBr)  9320 and p280 (. s , NH) , 1335 and 1170 cm Vs, 80^)  ;
 ^H NMR s p e c t r u m  no 7179 (CDCl^)  (5 7 . 7 6 - 7 . 1 2  ^m, 9H,
ArH and NH),  p . 47 ( s ,  1H, NH),  2 . 3 4  Vs, pH,  CH^) , 1 . 3 5
( s ,  9H, C( CH^) ^) ;  NMR s p e c t r u m  no 7198
VCDC1..) d  1 4 4 . 0 ,  1 4 0 . 8 ,  1 3 5 . 9 ,  1 2 9 . 9 ,  1 2 9 - 6 ,  1 2 7 - 3 ,
1 2 5 - 5 ,  1 2 3 . 1 ,  1 2 2 . 7 ,  3 o . 2  and  21 . 5*  A n a l .  Ca l c d  f o r
C-| 7 ^ 2 2 ^ 2 ° 5 S2 : C’ 5 1 . 2 4 ;  ri, 5 . 5 6 ;  h,
7 . 0 3 .  Found:  C, 5 0 . 9 5 ;  H, 5 - b b ;  N, b . 9 9 .
R e a c t i o n  o f  3 - l o s y l - 1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  
w i t h  Sodium Me t h o x i d e .  bodi um me t h o x i d e  V0.20M) was 
p r e p a r e d  by a d d i n g  s od i um m e t a l  ( 0 . 0 9 2 g)  t o  a b s o l u t e  
me t h a n o l  V20 mL) unde r  a n i t r o g e n  a t m o s p h e r e .  T h i s  s o l u t i o n
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was k e p t  u n d e r  n i t r o g e n .  p - T o s y l - 1 , 2 , 3 - o e n z o x a t n i a z o l e -
2 , 2 - d i o x i d e  ( . 1 5 0 g ,  0 . 4 0 0  mmolj  was a i s s o i v e d  in  a p:1 
m i x t u r e  ( v / v )  o f  me t n a n o l  and a c e t o n i t r i a e  (,12 mL) in  a 2p 
ml r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  
The s y s t e m was f l u s h e d  wih n i t r o g e n .  Sodium me t h o x i d e  
s o l u t i o n  (,2.0 ml ,  0 . 4 0  mmolj  was t n e n  a d d e d ,  a f t e r  b e i n g  
s t i r r e d  f o r  t w e l v e  n o u r s  a t  room t e m p e r a t u r e ,  t h e  r e a c t i o n  
was c o m p l e t e  (.TLC). Water  (,10 mL) was a d d e d ,  a c e t o n i t r i l e  
and me t n a n o l  were removed on a r o t a r y  e v a p o r a t o r .  Tne 
r e m a i n i n g  w a t e r  l a y e r  was e x t r a c t e d  t h r e e  t i me s  wi t h  
d i c h l o r o m e t n a n e  (5 mL).  The combi ned  e x t r a c t s  were d r i e d  
o v e r  a n h y d r o u s  magnes ium s u l f a t e  and c o n c e n t r a t e d  on a 
r o t a r y  e v a p o r a t o r  t o  g i v e  a compound ( , . 0231g ,  d o . 7%) whose 
p h y s i c a l  and s p e c t r a l  d a t a  a g r e e d  w i t n  t h o s e  o f  
m e t h y l - 4 - t o l u e n e s u l f o n a t e  ( 149 ) .  The w a t e r  i a y e r  was 
a c i d i f i e d  w i t h  pM HC1. The w a t e r  t h e n  was e v a p o r a t e d  unde r  
r e d u c e d  p r e s s u r e  to y i e l d  a w h i t e  s o l i d  whi ch  was 
d i s s o l v e d  i n  a c e t o n e .  The u n d i s s o l v e d  r e s i d u e  was r emoved 
by f i l t r a t i o n .  The a c e t o n e  r i l t r a t e  was d r i e d  ov e r  
a n h y d r o u s  magnes ium s u l f a t e .  A f t e r  r e mo v a l  o f  t h e  a c e t o n e  a 
w h i t e  s o l i d  was o b t a i n e d .  TLC (, e t h e r  : hexane  ) e x h i b i t e d  two 
s p o t s .  P r e p a r a t i v e  TLC ( e t h e r - h e x a n e , 3 : 2 )  y i e l d e d  two 
c ompounds .  The p h y s i c a l  and s p e c t r a l  d a t a  t o r  one o f  t h e s e  
compounds  ( 0 . 0 0 3 3 g ,  3.4% y i e l d )  ma t c ned  t h o s e  o f  
N- me t h y f - N-  (,2 1 - h y d r o x y p h e n y l  ) - 4 - t o l u e n e s u l f  onami de  (, 1 50 ) 
w h i l e  t h o s e  o f  t h e  o t h e r  compound ( . . 058pg,  56.3% y i e l d )  
ma t c hed  t h o s e  o f  w- ( 2 ' - h y d r o x y p h e n y l ) - 4 - t o l u e n e s u l f o n a m i d e
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R e a c t i o n  o f  p - T o s y 1-1 , 2 , p - b e n z o x a t h i a z o i e - 2 , 2 - d i o x i a e  
w i t h  P o t a s s i u m  t e r t - B u t o x i d e . p - T o s y 1 - 1 , 2 , 3 - be nzoxa  
t h i a z o i e  - 2 , 2 - d i o x i a e  (C.pOOg,  1 . 3 4  mmol) was d i s s o l v e d  i n  
d r y  i'HF (15rnL) i n  a 100 mL r o u n d - b o t t o m e d  i l a s k  e q u i p p e d  
w i t h  a m a g n e t i c  s t i r r e r  un d e r  a n i t r o g e n  a t m o s p h e r e .  
P o t a s s i u m  t e r t - D u t o x i d e  ^.0.175g,  1 . 5 4  mmol) i n  d r y  THF (.15 
mL) was a d d e d .  I ne  r e a c t i o n  m i x t u r e  was s t i r r e d  l o r  t h r e e  
d a y s ,  wa t e r  (.10 mL) was a d d e d ,  i h e  1HF was r emoved u s i n g  a 
r o t a r y  e v a p o r a t o r .  The r e s i d u e  was e x t r a c t e d  w i t h  
d i c n o l o r o m e t h a n e  and t h e n  washed w i t h  w a t e r .  The o r g a n i c  
l a y e r  was d r i e d  o v e r  a n h y d r o u s  magnes i um s u l f a t e  and 
c o n c e n t r a t e d  to y i e l d  a q u a n t i t a t i v e  amount  o f  s t a r t i n g  
m a t e r i a l .
R e a c t i o n  o f  3 - T o s y 1 - 1 , 2 , 3 - o e n z o x a t h i a z o i a - 2 , 2 - d i o x i d e  
w i t h  M e t h y l l i t h i u m  . p - T o s y i - 1 , 2 , 3 - B e n z o x a t n i a z o l e -
2 , 2 - d i o x i d e  ( 0 . 5 0 0 g ,  0 . 9 2 3  mmol) was d i s s o l v e d  i n  THF v. 15 
mL; i n  a pO mL o v e n - d r i e d  t h r e e - n e c k e d  r o u n d - b o t t o m e d  f l a s k  
e q u i p p e d  wih a m a g n e t i c  s t i r r e r .  Tne s y s t e m  was f l u s h e d  
w i t h  n i t r o g e n .  Met nyl  l i t h i u m  s o l u t i o n  ( .1.32 inL, 2 . 7 7  mmol) 
was a d d e d  by s y r i n g e .  The r e a c t i o n  was c o m p l e t e  i n  f i v e  min 
(TLC,  Lt^O:  He x a n e ) .  E i g h t  d r o p s  of  w a t e r  were a d d e d .
The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  a n o t h e r  f i f t e e n  min.
The THF was removed u s i n g  a r o t a r y  e v a p o r a t o r .  The r e s i d u e  
was e x t r a c t e d  w i t h  d i c h l o r o m e t n a n e . Tne d i c h l o r o m e t h a n e  
l a y e r  was d r i e d  o v e r  a n h y d r o u s  magnes i um s u l f a t e  and 
c o n c e n t r a t e d  to g i v e  a s o l i d  r e s i d u e  whi ch  was
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r e c r y s t a l l i z e d  f rom e t h a n o l ,  0 . 0 / 2 2 g  v4o . 3 / ° ) :  mp
132— 1325 °C ( l i t ' ^  1 3 d ° C) ;  IK s p e c t r u m  no
4 1 (KBr)  1 p25 and 1165 cm-  ^ vs ,  SO^ ) ; nMR
s p e c t r u m  no 9966 (CDCl^)  S 8 . 0 0 - 7 . 7 0  and 7 . 5 0 - 7 . 2 0
(AA' BB1 , 6H, ArH) ,  4 . 6 5  I s ,  2H,  CH2 ) , 2 . 41  ( s ,  oh ,
CH ^ ) ; 1-U NMR s p e c t r u m  no / 2 b /  (CDCl^)  S 1 4 5 . 9 ,
1 3 5 . 4 ,  1 2 9 . 8 ,  1 2 3 . 7 ,  74*5 and 2 1 . o .  The compound was
i d e n t i f i e d  a s  d i t o s y i  me t hane  ( 146 ) by c o m p a r i s o n  o f  t he  
1 54mp and s p e c t r a  w i t h  chose  i n  t he  l i t e r a t u r e  ( . S a d t l e r  
22055 M (.Nmk) , 49219 U R ) ) .
R e a c t i o n  o f  3 - T o s y 1-1 , 2 , 3 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  
w i t h  Sodium H y d r o x i d e .  p - To s y  1-1 , 2 , 3 - b e n z o x a  
t h i a z o l e - 2 , 2 - d i x o i d e  ( 0 . 0 3 9 g ,  0 . 2 7 5  mmol ) was d i s s o l v e d  i n  
a c e t o n i t r i i e  (.10 mL).  One e q u i v a l e n t  o f  s od i um h y d r o x i d e  
s o l u t i o n  (O.ObON, 4 . 6  mL) was a dde d  w i t n  v i g o r o u s  s h a d i n g .  
No c o l o r  cha nge  was o b s e r v e d ,  w a t e r  (5 mL) was t h e n  a d d e d .  
Tne m i x t u r e  was e x t r a c t e d  t n r e e  t i me s  w i t h  c h l o r o f o r m  (5 
mL).  The combi ned  e x t r a c t s  were d r i e d  o v e r  a n h y d r o u s  sodi um 
s u l f a t e  and c o n c e n t r a t e d  u s i n g  a r o t a r y  e v a p o r a t o r  t o  g i v e  
0 . 0 3 0 7 g  (55. 7%)  o f  s t a r t i n g  m a t e r i a l .  The w a t e r  l a y e r  was 
c o n c e n t r a t e d  u n a e r  r e a u c e d  p r e s s u r e ,  washed t n r e e  t i me s  
w i t h  e t h e r  and was d r i e d  o v e r  p h o s p h o r u s  p e n t a o x i d e  unde r  
vacuum t o  g i v e  a s a l t  0 . 0 4 5 g  g (45%) :  1R s p e c t r u m  no 4607 
(K.br) 2 5 8 0 - 3 4 0 0  ( b r ,  H-0)  , 1 3 1 0 - 1 1 6 0  c m ' ”' ( v e r y  boa r d  
w i t h  many p e a k s  un d e r  i t ,  GSO^) ; 1 H NMR s p e c t r u m  no 
5969 (D2 o) S / . 7 9 - 6 . 7 5  (m, 8H,  ArH) ,  2 . 3 5  ( a ,  pH,
CH^) . Ana l .  Ca l c d  f o r
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C ^ H ^  i\iGb S2 Na2 : 8> d 3 . 0 5 ;  n f 2 .  3 o ; iM ,
2 . 4 1 .  Found:  C, j B . j d ;  H, 2 . 5 b ;  N, 3 . 4 1 .  The compound was 
i d e n t i f i e d  a s  t h e  d i s o d i u m  mo n o h y d r a t e  s a l t  o f  2 - l N - t c - s y l )  
a mi n o p n e n y l  h y d r o g e n  s u l f a t e  1 134 ) .
R e a c t i o n  o f  3 - T ' osy l - 1  , 2 , 3 - b e n z o x a  t h i a z o l e - 2  , 2 - d i o x i d e  
w i t h  P o t a s s i u m  i l u o r i d e .  a - T o s y i - 1 , 2 , 2 - b e n z o x a t h i a z o l e -
2 , 2 - d i x i o a e  ( 0 . 1 3 g ,  0 . 40mmol )  was d i s s o l v e d  i n  a c e t o n i t r i l e  
(15 mL) and t he n  p o t a s s i u m  f l u o r i d e  v . 0 3 7 o g ,  0 . 8 0 0  mmol) i n  
w a t e r  (5 mL) was a d d e d .  Tne r e a c t i o n  m i x t u r e  was s t i r r e d  
o v e r n i g h t  and t he n  c o n c e n t r a t e d  u s i n g  a r o t a r y  e v a p o r a t o r .  
The r e s i d u e  was e x t r a c t e d  t h r e e  t i m e s  w i t h  
d i c h l o r o m e t h a n e .  The combi ned  e x t r a c t s  were washed t wi c e  
w i t h  w a t e r ,  d r i e d  o v e r  a n h y d r o u s  magnes i um s u l f a t e ,  and 
c o n c e n t r a t e d  to g i v e  a l i g h t  y e l l o w  s o l i d ,  O.OtoOg 167%):  mp 
40-41 °C i l i t ^ ^  4 1 - 4 2  ° C ) .  Al l  s p e c t r a l  d a t a  
a g r e e d  w i t h  p u b l i s h e d  d a t a  I S a d t l e r  s p e c t r u m  52055 ( IR)  and 
4321M (NMR)) f o r  4 - t o l u e n e s u l f o n y l  f l u o r i d e  1 147 ) .
F NMR s p e c t r u m  no /2o5» $  1 4 2 . 8 6  i f r o m 
t r i f l u o r o a c e t i c  a c i d ) .
5 - T o s y 1 - 1 , 2 , 5 - b e n z o x a t h i a z o l e - 2 , 2 - d i o x i d e  a s  a 
121C o u p l i n g  R e a g e n t .  3 - T o s y l - 1 , 2 , 3 - b e n z o x a
t h i a z o l e - 2 , 2 - d i o x i d e  ( 0 . 1 o 5 g ,  O.pOO mmol) i n  d r y  THF (5 mL) 
was a dded  t o  a m i x t u r e  o f  a c e t i c  a c i d  1 . 0280  mL, 0 . 5 0 0  
mmol) and  t r i e t n y l a m i n e  (O.Gb97 mL, 0 . 5 0 0  mmol) i n  d r y  THF 
(5 mL) a t  room t e m p e r a t u r e .  A f t e r  o e i n g  s t i r r e d  f o r  t we n t y  
f o u r  h o u r s ,  a s o l u t i o n  o f  b e n z y i a m i n e  ( 0 . 0 5 5 5 g ,  0 . 5 0 0  mmol) 
i n  THF (2 mL) was a d d e d .  A f t e r  s e v e n t y - s i x  h o u r s  (TLC) t h e
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s o l v e n t s  were  r emoved un d e r  r e d u c e d  p r e s s u r e  and a / f
a q u e o u s  s o l u t i o n  o f  s od i um o i c a r b o n a t e  (15 mL; was a dd e a  co
t he  r e s i d u e .  E x t r a c t i o n  w i t h  two 15 mL p o r t i o n s  o f  e t n y l
a c e t a t e ,  wa s h i n g  w i t h  r o u r  5 mL p o r t i o n s  o f  D i c a r b o n a t e ,
and d r y i n g  o v e r  a n n y d r o u s  s od i um s u l f a t e  l e d  to a a l i g h t
y e l l o w  s o l i d  o f  p h e n y i  me t h y  l a c e  t a mi de  (, 1 b9 ) whi ch  was
p u r i f i e d  on p r e p a r a t i v e  TLC p i a t e s  u s i n g  a m i x t u r e  o f
d i e t h y l  e t h e r  and e t h y l  a c e t a t e  ( 2 : 1  v / v )  a s  e l u e n t :
mp 60 °C ( l i t 1^ 1 od- 61  ° C) ;  1R s p e c t r u m  no 4oo2
( KBr ) ,  3310 ( s ,  NH),  1b50 c m ' 1 ( s ,  u=0)  ; 1H NMR
s p e c t r u m  no 9634 (.CDCi ) S / . 2 d  ( s ,  5 ,  ArH) ,  4 . 3 1 ,  ( d ,
1 ,  NH),  1.91 i s ,  3 ,  CH^) .  The mp and s p e c t r a  ma t che d
121t h o s e  i n  t he  l i t e r a t u r e .
K i n e t i c  P r o c e d u r e  
M a t e r i a l s . o - i o s y 1 - 1 , 2 , 5- b e n z o x a t h i a z o l e  was o b t a i n e d  oy 
t ne  s y n t h e t i c  p r o c e d u r e  d e s c r i b e d  p r e v i o u s l y .  C a r b o n a t e  
f r e e  sodium h y d r o x i d e ,  UlLU' I-IT A n a l y t i c a l  C o n c e n t r a t i o n
0. 3N ( J . T .  B a k e r ) ,  was used  a s  a s t o c k  s o l u t i o n .  Al l  w a t e r  
u s ed  i n  t h i s  work was d i s t i l l e d  d e i o n i z e d  w a t e r .
A c e t o n i t r i l e , s p e c t r o p h o t o m e t r i c  g r a d e  ( A l d r i c h ) ,  was used 
f o r  maki ng s o l u t i o n s .
P r e p a r a t i o n  o f  t he  s a mp l e  s o l u t i o n .  The c y c l i c  s u l f a m i d e ,  
was we i ghed  ( O. U' l l g)  and t h e n  t r a n s i e r r e d  t o  a 50 mL 
v o l u m e t r i c  f l a s k .  A c e t o n i t r i l e  was t h e n  a d d e d  t o  l i l l  to 
t h e  mark f 6 . 7 7  x 10“ ^ M).
P r e p a r a t i o n  o f  Ba s e .  The c a r b o n a t e  f r e e  s od i um n y d r o x i d e  
was t i t r a t e d  by o x a l i c  a c i d ,  u s i n g  p h e n o i p n t h a l e i n  a s  an
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i n d i c a t o r .  The a p p r o p r i a t e  amount  o f  o a s e  s t o c k  s o l u t i o n  
was t r a n s f e r r e d  by p i p e t  to 25 mL v o l u m e t r i c  i l a s k s .  l h e n  
d e i o n i z e d  w a t e r  was u s e d  to f i l l  t o  t he  marn.; 0 . 0 5 ,  O.Oo,  
and 0 . 1 0 k  o a s e  s o l u t i o n  were p r e p a r e d  i n  t h i s  ma nne r .
Me t h o d . k i n e t i c  d a t a  was g a t h e r e d  oy f o l l o w i n g  the  
a p p e a r a n c e  o f  t h e  p r o d u c t  peak  a t  294 nm a t  0 , 10 , 20 and 
50 °C.  A Cary 219 s p e c t r o p h o t o m e t e r  e q u i p p e d  w i t h  a 
t h e r m o s t a t e d  c e l l . h o l d e r  and t e m p e r a t u r e  c o n t r o l l e d  b a t h  
was us ed  to  r e c o r d  a b s o r b a n c e  c h a n g e s  w i t h  t i me  a t  0 , 10 
and  20 °C.  The K i n e t i c  s o l u t i o n  was p r e p a r e d  by p l a c i n g  
s ampl e  s o l u t i o n  in  t h e  c u v e t t e  ( 0 . 5  mL) i n  t h e  t h e r m o s t a t e d  
c e l l  n o l d e r .  The a p p r o p r i a t e d  ba s e  s o l u t i o n  ( 2 . 5  mL) was 
adde d  q u i c k l y  by s y r i n g e  f o l l o w e d  by r a p i d  s t i r r i n g .  The 
a d s o r b a n c e  was r e c o r d e d  vs t i me .  The u u r r u m - G i b s o n  
s t o p p e d - f i o w  s p e c t r o p h o t o m e t e r  w i t h  a 0 . 0 2  m p a t h  l e n g t h  
c u v e t t e  and a K e l - F  l l o w  p a t h ,  was used  t o  g a t h e r  t h e  
K i n e t i c  d a t a  a t  qO °C.  A l i n e a r  l e a s t - s q u a r e  p r og r a m 
and an Appl e  l i e  c o mp u t e r  was u s e d  t o  o b t a i n  p s e u d o - f i r s t  
o r d e r  r a t e  c o n s t a n t s .
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a p p e n d i x
1 50
T a b l e  1- 36
K i n e t i c  Da t a  O b t a i n e d  Us i ng  a Cary  219 UV S p e c t r o p n o t o m e t e r
The a b s o r b a n c e  a s  a i ' u n c t i o n  o f  t i me  was p l o t t e d  a s  l o g  
(A - At ) = -K^. / 2 . 303» A = a b s o r b a n c e ,  t  = t i me  i n  
s e c o n d s ,  on an Appl e  l i e  c o m p u t e r .  The r a t e  c o n s t a n t  k = -B 
i n  u n i t  o f  1 / s  .
0 . 0 5N MaOH 0°C
T a b l e  1 Run 1
T i m e ( s )  A ( t )  A( t  = °°) -  A ( t )
0 .1450  .1140
10 .1600  .0990
20 .1780  .0810
30 . 1900 .0690
40 .2000  .0590
60 .2190 .0400
80 . 2 3 0 0  . 0290
Ab s or ba nc e  ( t  = °°) = .2590 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 1 5 7  
B = - . 0 1 7 4 0
E r r o r  o f  E s t i m a t e  0 . 02 7 6 0  
C o r r e l a t i o n  C o e f f i c i e n t  O. 9 6 7 5
k obsd  = • 0 1 7 ‘t0
T a b l e  2 Run 2
Time ( s ) A ( t )  A( t  = °°) -  A ( t )
0 . 1 5 7 0  . 0 9 1 0
10 .1620 .0860
20 .1780  .0700
30 .1890  .0590
40 .2000  .0480
60 .2150 .0330
80  . 2250 .0230
A b s o r ba nc e  ( t  = °°) = .2480
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 3 2 2
B = - . 0 1 8 0 0
E r r o r  o f  E s t i m a t e  0 . 06 9 6 0
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 2 0 9
k o b s d  = • 0 1 8 0 °
1 52
T a b l e  3 Run  3
T i m e ( s ) A ( t  ) A ( t  = °°) -  A ( t  )
0 . 1650 . 100 0
10 . 1780 . 0 8 7 0
2 0 . 1910 . 0 7 4 0
30 .2050 . 0600
40 .2180 . 0 4 7 0
60 . 2 3 1 0 . 0 3 4 0
80 .2420 . 0 2 3 0
A b s o r ba nc e  ( t  = °°) = .2650 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 2 6 8  
B = - . 0 1 8 7 0
E r r o r  o f  E s t i m a t e  O.OA970 
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 4 5 8
kobsd ' -01870
T a b l e  4 Run 4
T i m e ( s )  A ( t )  A( t  = °°) -  A ( t )
0 .1450 .1140
10 .1600 . 0 9 90
20 .1780  .0810
30 . 1900 .0690
40 .2000 . 0 5 9 0
60 .2190 .0400
80 .2300 .0290
A b s o r b a n c e  ( t  = ») = .2590 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 1 5 7  
B = - . 0 1 7 4 0
E r r o r  o f  E s t i m a t e  0 . 02 7 6 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 6 7 5
k obsd  “
0 . 0 6 N NaOH 0°C
T a b l e  5 Run 1
T i m e ( s ) A ( t  ) > c+ II 8 1 cf
0 .1550 . 0860
10 .1700 . 0 710
20 . 1830 .0580
30 . 1950 .0460
40 . 2050 . 0 36 0
60 . 2 1 8 0 .02 30
80 . 2250 .0160
A bs or ban ce  ( t = °°) = .2410
F i t t i n g  P a r a m e t e r s :
A = -2 . 441
B = - . 02150
E r r o r o f  E s t i m a t e  0 . 04 3 4 0
C o r r e l a t i o n  C o e f f i c i e n t  0. 9588
k , , oosd = . 02150
T a b l e  6 Run 2
T i m e ( s ) A( t  ) A( t  = °°) -  A ( t )
0 . 1510 . 1090
10 . 1700 . 0900
20 . 1880 .0720
30 .2000 . 0600
40 .2170 .0430
60 . 2 3 0 0 .0300
80 .2400 . 0200
Ab s or ba nc e ( t = » )  = .2600
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 2 0 9  
B = - . 0 2 1 6 0
E r r o r  o f  E s t i m a t e  0 . 0 64 6 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 38 7
T a b l e  7 Run 3




30 . 1 9 8 0
40 . 2 1 0 0
60 . 2 2 5 0
80 .2330
A ( t  = c
A bs o r b a n c e  ( t  = °°) = .2520 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 3 2 7
B = - . 0 2 0 7 0
E r r o r  o f  E s t i m a t e  0 . 0 5 0 8 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 4 9 9
Lobsd =  . 0 2 0 7 0
T a b l e  8 Run 4








. 1 7 2 0  
. 1 8 5 0  
. 1990 
. 2 1 0 0  
. 2 2 0 0  
• 2350 
.2450
A b s o r ba nc e  ( t  = °°) = . 2 6 3 0  
F i t t i n g  P a r a m e t e r s ;
A = - 2 ! 3 5 2  
B = - . 0 2 0 5 0
E r r o r  o f  E s t i m a t e  0 . 0 4 6 9 0  
C o r r e l a t i o n  C o e f f i c i e n t  0
k o b s d  = • 0 2 0 5 0
9531
) -  A ( t  )
.0950 
. 0 8 2 0  
. 0640 
. 0540  
. 0 4 2 0  
. 0270 
. 0 1 9 0
) -  A ( t )
. 0 9 1 0  
. 0 7 8 0  
. 0640 
• 05 30 
. 0430 
. 0 2 8 0  
. 0180
1 55
. IN NaOH 0 °C
! 9 Run 1
T i m e ( s ) A ( t ) A ( t  =- )  -  A ( t )
0 .2390 .0710
6 .2500 . 0600
16 .2700 .0400
26 .2300 .0300
36 .2890 . 0210
40 .2950 .0150
Ab s or ba nc e  ( t = 8 II LO I—1 O O
F i t t i n g  P a r a m e t e r s ;
A = -2 . 609
B = - . 03700
E r r o r o f  E s t i m a t e  0 . 1 1 0 4
C o r r e l a t i o n  C o e f f i c i e n t  0 . 8 8 3 9
k'obsd = . 03700
10 Run 2
T i m e ( s ) A ( t ) A ( t  =” ) -  A( t )
0 . 1 6 2 0 .0910
4 .1750 .0780
10 . 1900 .0630
18 .2050 . 0480
26 .2170 .0360
40 . 2 3 0 0 . 0230
• 2530A b s o r ba nc e  ( t  = °°) =
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 4 1 3
B = - . 0 3 4 4 0
E r r o r  o f  E s t i m a t e  0 . 0 2 1 2 0
C o r r e l a t i o n  C o e f f i c i e n t  0
k . .  = . 03440 obsd
9739
T a b l e  11 Run 3
T i m e ( s )  A ( t )  A( t  = co) -  A ( t )
0 .1300 .0300
4 .1400 .0700
10 .1520  .0530
20 .1690  .0410
30 .1300  .0300
42 .1900  .0200
A b s o r b a n c e  ( t  = °°) = .2100 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 5 2 5  
B = - . 0 3 3 0 0
E r r o r  o f  E s t i m a t e  0 . 0 2 9 0 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 0 7 7  
k obsd  = ' °3300
T a b l e  12 Run 4
T i m e ( s )  A ( t )  A( t  = “>) -  A ( t )






A b s o r b a n c e  ( t  = °°) = .2150 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 2 5 6  
B = - . 0 4 1 3 0
E r r o r  o f  E s t i m a t e  0 . 0 2 2 1 1  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 7 8 3
k ob s d  = • < m 3 °
. 05N NaOH 10°C
T a b l e  13 Run 1
T i m e ( s )  A ( t )  A( t  = °°) -  A ( t )
1 .1950 .1830
9 . 2 0 5 0  . 0730
8 . 2 1 5 0  . 0 6 3 0
13 . 2290 . 04y 0
18 .2 390  .0 390
23 .2960  . 0 3 2 0
30 .2550 .0230
A bs o r b a n c e  ( t  = °°) = . 2 7 8 0  
F i t t i n g  P a r a m e t e r s ;
A = -2^ 935 
B = 09990
E r r o r  o f  E s t i m a t e  0 . 02 3 5 0
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 7 0 9
k . , = . 09990obsd
T a b l e  19 Run 2




10 . 2 0 3 0
19 .2150





A ( t  = °°) -  A ( t )








. 0 2 5 0  
. 0150
A b s o r ba nc e  ( t  = °°) = . 2800 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 1 2 3  
B = - . 0 9 9 6 0
E r r o r  o f  E s t i m a t e  0 . 0 9 9 0 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 6 7 8
k obsd  = ■M '460
1 58
T a b l e  15 Run 3
T i me ( s ) A ( t  ) > Ct It 8 1 ct
1 . 1856 . 0 9 7 0
4 .1980 . 0840
7 . 2090 .0730
11 . 2210 .0610
15 . . 2310 . 0 510
2 0 .2410 .0410
28 . 2540 .02 80
33 .2650 .0170
A b s o r b a n c e  ( t  = °°) = .2820 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 2 8  3 
B = - . 0 4 6 6 0
E r r o r  o f  E s t i m a t e  0 . 0 2 8 1 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 9749
k obsd = . 04660
T a b l e  16 Fun A
.me ( s ) A ( t ) A( t  = °°) -  A ( t  )
1 . 1690 . 1030
4 .1820 . 0900
7 . 1920 .0800
12 . 2040 . 0680
17 .2180 . 0640
22 . 2 2 9 0 .0430
27 .2 370 .0350
37 . 2 5  00 . 0220
A b s o r b a n c e  ( t  = °°) = .2720 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 2 1 7  
B = - . 0 4 2 5 0
E r r o r  o f  E s t i m a t e  0 . 4 2 4 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 5 6 8
k obsd 04250
T a b l e  17
. 06N NaOH 10° C
Run 1
T l m e ( s )  A ( t )  A( t  = °°) -  A ( t )





18  . 2300 .0420
23 .2400  .0320
29 .2500  .0220
Ab s o r b a n c e  ( t = “ ) = .2720 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 2 1 4  
B = - . 0 5 3 3 0
E r r o r  o f  E s t i m a t e  0 . 9 0 7 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 0 4 7
k obsd  = - °5330
T a b l e  18 Run 2
T i m e ( s ) A ( t )  A ( t = » )  -  A ( t )
1 .2000 .0800
4 .2100  .0700
6 .2200  .0600




A b s o r b a n c e  (t=°°) = .2800 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 4 7 4  
B = - . 0 5 4 6 0
E r r o r  o f  E s t i m a t e  0 . 3 1 2 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 6 3 5
k o b s d  “ • ° 5 '160
1 60
T a b l e  19 Run 4







. 21 8 0
.2 2 80
. 2390
. 2 5 0 0
. 2 6 0 0
. 27 0 0
. 0 6 7 0  
. 0570 
. 0 6  0 
. 0350 
. 0 2 5 0  
. 0 15 0
A b s o r b a n c e  (t=°°) = .2850 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 6 4 1  
B = - . 0 5 4 6 0
E r r o r  o f  E s t i m a t e  0 . 3 8 3 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 5 6 6
A b s o r b a n c e  ( t = « )  = .2840 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 5 2 4  
B = - . 0 5 1 6 1
E r r o r  o f  E s t i m a t e  0 . 0 5 0 3 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 5 0 7
05460
T a b l e  20 Run 5























T a b l e  21
0 . 1 0 N  NaOH 10°C
Run 1
T i me ( s ) A ( t ) A( t  = °°) -  A
1 . 1320 .1330
3 . 1410 . 1240
6 . 2050 .0600
9 . 2200 .0450
13 .0320 .0330
16 . 2400 .0250
Ab s o r b a n c e  (t=°°) = . 2650 
P i t t i n g  P a r a m e t e r s ;
A = - 2 . 3 0 6  
B = - . 0 8 6 2 0
E r r o r  o f  E s t i m a t e  0 . 1 1 3 2  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 8 7 5 4
T a b l e  22 Run 2
T i me ( s ) A ( t  ) > ct II 8 1 >
1 . 1400 . 1230
3 . 1550 . 1080
5 . 1740 . 0890
7 . 1900 . 0730
9 . 2020 . 0610
12 .2180 .0450
14 . 2250 . 0380
17 .2350 .0280
22 . 2450 .0180
Ab s o r b a n c e  ( t  = °°) = . 2630 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 9 6 7  
B = - . 0 9 3 5 0
E r r o r  o f  E s t i m a t e  0 . 0 3 6 6 4  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 7 1 5
k o b s d  = ' ° 9 3 5 0
1 6
T a b l e  23 Run 3
T i m e ( s ) A ( t ) -p<I8II-P<C
1 .1700 . 1200
3 .1850 .1050
5 . 2000 .0906
7 .2130 .0770
10 . 2 3 0 0 . 0 6 0 0
13 .2420 .0480
16 . 2 5 0 0 . 0400
21 .2650 . 0250
A b s o r b a n c e  ( t = » )  = .2900 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 0 2 6  
B = - . 0 7 7 6 0
E r r o r  o f  E s t i m a t e  0 . 04 4 6 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 5 5 2
k obsd  * - 07760
T a b l e  24 Run 4
Time ( s ) A ( t )  A( t  = °°) -  A ( t )
1 .1490  .1060
3 .1650 .0900
11 .2100 .0450
15 .2240  .0310
20 .2350 .0200
A b s o r b a n c e  (t=°°) = .2550 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 1 4 6  
B = - . 0 6 8 0 0
E r r o r  o f  E s t i m a t e  0 . 1 3 4 0
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9856
k . , = . 0 8 8 0 0obsd
. 05N NaOH 20° C
T a b l e  25 Run 1
T i m e ( s )  A ( t )  A( t  = °°) -  A ( t )
1 .1400 .1730
2 .1600  .1530
3 .1730  .1400
6 .2000 .1130
8 .2200 .0930




A b s o r b a n c e  ( t  = °°) = .3130 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 6 7 7  
B = - . 0 8 8 4 0
E r r o r  o f  E s t i m a t e  0 . 4 3 2 0
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 6 1 7
k . , = . 08840obsd
T a b l e  26 Run 2
T i m e ( s )  A ( t )  A( t  = °°) -  A ( t )
1 .1400 .1800
2 . 16 0 0  . 1 60 0
3 .1750 .1450
4 .1900 .1300
6 .2110  .1090
8 .2230 .0970
10 . 2370 .0830
12 . 2 5 0 0  . 0 7 0 0
15 . 2 6 8 0  . 0 5 2 0
21 . 2 9 0 0  . 0 3 0 0
A b s o r b a n c e  ( t  = °°) = .3200 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 6 5 6  
B = - . 0 8 6 8 0
E r r o r  o f  E s t i m a t e  0 . 6 2 1 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 4 7 3
k o b s d  '  - 0 8 6 8 0
1 64
T a b l e  27 Run 3




























A b s o r b a n c e  ( t  = °°) = .3180 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 7 5 7  
B = - . 0 8 5 9 0
E r r o r  o f  E s t i m a t e  0 . 7 3 9 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 4 2 3
A b s o r b a n c e  ( t  = °°) = . 3280 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 7 9 4  
B = - . 0 8 5 7 0
E r r o r  o f  E s t i m a t e  0 . 5 6 4 0  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 5 5 1
T a b l e  28 Run 4



























0 2 6 0
k obs d . 0 8 5 7 0
1 65
T a b l e  29
. 06N NaOH 20°C
Run 1
T l m e ( s )  A ( t )  A ( t  = °°) -  A ( t )
1 .1500  .1290
2 . 1 7 2 0  . 1 0 7 0
4 .1980 .0810
8 . 2 2 2 0  . 0570
10 . 2 3 1 0  .0480
14 .2490  . 0 3 0 0
18 . 2600  .0190
A b s o r b a n c e  (t=°°) = .2790 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 2 0 0  
B = - . 1 0 8 2
E r r o r  o f  E s t i m a t e  0 . 8 0 1 0
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 2 2 7
k , . = . 1 0 8 2obsd
T a b l e  30 Run 2
T i m e ( s )  A( t )  A(t=°°) -  A( t )
1 .1700 .1450
2 .1900  .1250
3 .2010  .1140
5 .2320  .0830
8 . 2 5 2 0  . 0 630
11 .2630  .0520
14 .2800  .0350
18 .2900 .0250
A b s o r b a n c e  (t=°°) = .3150 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 8 8 8  
B = - . 1 0 2 1
E r r o r  o f  E s t i m a t e  0 . 1 0 3 7  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 9 1 1 9
1 66
T a b l e  31 Run 3
T i m e ( s ) A ( t ) > ct II 8 1 >
1 . 1500 . 1560
2 . 1700 .1360
3 . 1900 . 1160
4 .2100 .0 960
6 . 2320 .0740
9 .2500 .0 560
14 .2700 .0360
19 .2850 .0210
A b s o r b a n c e  (t=<=°) = .3060 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 8 4 1  
B = - . 1 0 8 5
E r r o r  o f  E s t i m a t e  0 . 1 3 5 4
C o r r e l a t i o n  C o e f f i c i e n t  0 . 8 9 5 7
k , . = .1085o b s d  ^
T a b l e  32 Run 4
T i m e ( s ) A ( t ) A( t  = °°) -  A ( t )
1 .1600 . 1610
2 . 1820 • 1390
3 .2010 .1200
5 . 2230 .0980
7 .2390 .0820
10 . 2600 . 0610
14 . 2800 .0410
18 . 2950 .0260
A b s o r b a n c e ( t = » )  = . 3210
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 7 7 0  
B = - . 1 0 3 7
E r r o r  o f  E s t i m a t e  0 . 0 5 4 9 0
C o r r e l a t i o n  C o e f f i c i e n t  0 . 0 5 3 4
k . , = .1037o bs d
1 67
. ION NaOH 20° C
T a b l e  33 Run 1








. 2330  .0760 
.2500  .0590 
. 27 00  .0390 
.2800  .0290 
.2900  .0190
A b s o r b a n c e  ( t  = °°) = .3090 
P i t t i n g  P a r a m e t e r s ;
A = - 2 . 1 6 1  
B = - . 2 2 3 8
E r r o r  o f  E s t i m a t e  0 . 1 6 3 7
C o r r e l a t i o n  C o e f f i c i e n t  0 . 8 7 1 4
k . . = .2238  o bs d  J
T a b l e  34 Run 2







.2100  .1150 
.2390  .0860 
.2550  .0700 
.2760  .0490 
.2900 .0350 
.3050  .0200
A b s o r b a n c e  (t=°°) = .3250 
F i t t i n g  P a r a m e t e r s ;
A = - 2 . 1 4 1  
B = - . 1 5 1 8
E r r o r  o f  E s t i m a t e  0 . 1 3 5 9
C o r r e l a t i o n  C o e f f i c i e n t  0 . 8 6 5 4
k , , = .1518  obsd
1 68
T a b l e  35 Run 3
T i m e ( s )  A ( t )  A ( t  = °°) -  A ( t )
1 . 1800 . 1320
2 .2050 .1070
3 .2110 . 1010
4 .2390 . 0730
5 .2550 . 0570
7 .2700 . 0420
10 .2830 .0290
13 .2930 . 0190
A b s o r b a n c e  (t=°°) = . 3120 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 9 2 1  
B = - . 1 6 3 1
E r r o r  o f  E s t i m a t e  0 . 1 6 3 7  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 8 7 1 4  
k o b s d  = - 1 6 31
T a b l e  36 Run 4
T i m e ( s ) A ( t )  A ( t = » )  -  A ( t )
1 .2000 .1310
2 .2300  .1010
3 .2450 .0860
5 .2750  .0560
8 .2950 .0360
12 . 3100 .0210
A b s o r b a n c e  (t=°°) = .3310 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 9 5 8  
B = - . 1 6 4 6
E r r o r  o f  E s t i m a t e  0 . 1 1 3 5  
C o r r e l a t i o n  C o e f f i c i e n t  0 . 8 9 5 9
T a b l e  3 7 - 5 6  
K i n e t i c  Da t a  O b t a i n e d  Us ing  a D ur ru m- Gi bs on  
S t o p p e d - f l o w  S p e c t r o p h o t o m e t e r
1 70
. 0 8 2 N NaOH 30°C
T a b l e  37 Run 1 l s / d e v  ^
I -  I OO1—\II<(f mm0 1UU
I n -t I = 1 2 . 5 0 mm0 00
t  i m e ( s ) H 8 1 H ct •p
wI0M %T Ab ( t ) A ( 00) -A ( t )
0 23 - 50 36 . 00 59 . 0 0 0 . 2 2 9 0 0 .4595
2 22.  20 3 4 . 7 0 5 6 . 8 8 0 . 2 4 5 0 0 . 4 4 3 5
7 1 8 . 5 0 31 . 00 50 . 82 0 .2940 0 . 3 9 4 5
9 16.  50 2 9 . 0 0 47 . 54 0 . 3 2 2 9 0 . 3 6 5 6
12 1 4 . 5 0 2 7 . 0 0 4 4 . 26 0.  3540 0 . 3 3 4 5
17 1 1 . 5 0 24 . 00 39 . 34 0 . 4 0 5 2 0 . 2 8 3 3
22 9 . 9 0 22 . 40 3 6 . 7 2 0 . 4 3 5 1 0 . 2 5 3 4
27 8 . 5 0 2 1 . 0 0 34 .43 0 . 4 6 3 1 0 . 2 2 5 4
32 7 . 5 0 2 0 . 0 0 32 . 79 0 . 4841 0 . 2 0 4 4
37 6 . 5 0 1 9 . 0 0 31 . 15 0 . 5065 0 . 1 8 2 0
3^ ct il »)  = 2 0 . 4 9
A ( t  = °°) = 0 . 6 8 8 5
F i t t i n g  P a r a m e t e r s j
A = -0 .7780
B = -0 . 02580
E r r o r o f  E s t i m a t e . 05100
C o r r e l a t i o n  C o e f f i c i e n t  .9268
k , . = 0 . 1 2 9 0obsd
1 71
T a b l e  38 Run 2 2 s / d e v ~ ' ' ‘
In + I n nn = 6 1 . 0 0 mm0 100
In  + 1 = 7 . 0 0 mm0 CO
t i m e ( s ) H 8 ! M ct V 1! 56 T Ab ( t ) A ( °°) -A ( t  )
0 1 8 . 5 0 2 5 . 5 0 41.  80 0 . 3 7 8 8 0 . 5 6 1 3
2 16.  00 2 3 .00 37 . 70 0 . 4 2 3 7 0 . 5 1 6 4
4 1 3 . 5 0 20.  50 3 3 . 6 1 0 . 4 7 3 5 0 .4 6 6 6
7 10.  50 1 7 . 5 0 2 8 . 6 9 0 . 5 4 2 3 0 . 3 9 7 8
9 9 . 5 0 16.  50 2 7 . 0 5 0 . 5 6 7 8 0 . 3 7 2 3
12 8 . 0 0 1 5 . 0 0 2 4 . 5 9 0 . 6 0 9 2 0 . 3 3 0 9
17 6.  00 1 3 . 0 0 21.  31 0 . 6 7 1 4 0 . 2 6 8 3
22 4 . 5 0 11.  50 1 8 . 8 5 0 . 7 2 4 7 0 .2 1 5 4
27 3 . 5 0 10.  50 17 .21 0 . 7 6 4 2 0 . 1 7 5 9
32 2.  50 9 . 5 0 1 5 . 5 7 0 . 8 0 7 7 0 . 1 3 2 4
37 1 . 5 0 8 . 5 0 13-93 0 . 8 5 6 0 0 . 0 8 4 1
56 T ( t  =») = 1 1 . 4 8
A ( t  = °°) = 0 . 9 4 0 1
F i t t i n g  P a r a m e t e r s 5
A = -0 • 5518
B = -0 . 04750
E r r o r o f  E s t i m a t e .1555
C o r r e l a t i o n  C o e f f i c i e n t  .8848
k . . = 0 . 1 1 8 8o bs d
1 72
T a b l e  39 Run 3 2 s / d e v ~
In -*■ I i ) ) li o H O O mm0 1UU
I n “►I = 2 1 . 5 0 mm0 CO
t i m e ( s ) M 8 1 H ct V 1! %T A b ( t ) A( 00) _A( t  )
0 19-50 4 1 . 0 0 6 7 . 2 1 0 . 1726 0 .2802
2 16.  50 3 8 . 0 0 6 2 . 3 0 0 . 2055 0 . 2 4 7 3
4 1 3 . 5 0 3 5 . 0 0 5 7 . 3 8 0 . 2 4 1 2 0 . 2 1 1 6
7 10.  50 32 . 00 5 2 . 4 6 0 . 2 8 0 2 0 . 1 7 2 6
9 9-50 31 . 0 0 50.  82 0 . 2 9 4 0 0 . 1 5 8 8
12 7 . 5 0 2 9 . 0 0 4 7 . 5 4 0 . 3 2 2 9 0 . 1 2 9 9
17 4 . 8 0 26.  30 4 3 . 1 1 0 . 3 6 5 4 0 . 0 8 7 4
22 3 . 5 0 2 5 . 0 0 40.  98 0 . 3 8 2 4 0 . 0 6 5 4
27 2 . 5 0 24 . 00 39-34 0 . 4 0 5 2 0 . 0 4 7 6
32 1 . 5 0 23 . 00 37 .7 0 0 . 4 2 3 7 0 . 0 2 9 1
%T ( t  =») = 3 5 . 2 5
A ( t  = “ ) = 0 . 4 5 2 8
F i t t i n g  P a r a m e t e r s
A = -1 .255
B = -0 .6870
E r r o r o f  E s t i m a t e .09168
C o r r e l a t i o n  C o e f f i c i e n t  .9426
k . , = 0 . 1 7 7 6o b s d
173
T a b l e  40 Run 4 2 s / d e v -
I  _ I = 6 1 . 0 0 mm0 100
H ) 1—1 = 1 2 . 1 0 mm
(J »
t i m e ( s ) M 8 1 1—
1 
ct M O
1 H ct % T Ab ( t ) A ( 00 ) -A ( t  )
0 2 2 . 5 0 3 4 . 60 5 6 . 7 2 0 . 2 4 6 3 . 4562
2 1 9 . 5 0 31.  60 51.  80 0 . 2 8 5 6 .4169
4 1 6 . 5 0 2 8 . 6 0 4 6 .89 0 . 3 2 8 9 .3736
7 1 3 . 5 0 2 5 . 6 0 4 1 . 9 7 0 . 3 7 7 1 .3254
9 1 1 . 5 0 2 3 . 6 0 3 8 . 6 9 0 . 4 1 2 4 .2901
12 9 . 1 0 2 1 . 2 0 34 . 75 0 . 4 5 9 0 .2435
17 6 . 5 0 1 8 . 6 0 30.  49 0 . 5 1 5 8 .1864
22 4 . 5 0 16 . 60 2 7 . 2 1 0 . 5 6 5 3 .1372
27 3 . 5 0 15- 60 2 5 . 5 7 0 . 5 9 2 2 . 1103
32 2 . 5 0 14 .60 2 3 . 9 3 0 . 6 2 1 1 . 0814
%T ( t  = °°) = 1 9 . 8 4  
A ( t  = °°) = 0 . 7 0 2 5  
F i t t i n g  P a r a m e t e r s ;
A = - . 7 6 4 5  
B = - . 0 5 4 2 0
E r r o r  o f  E s t i m a t e  . 03640
C o r r e l a t i o n  C o e f f i c i e n t  .9710
k . . = 0 . 1 3 5 4o bs d
1 74
T a b l e  4 l Run 5 2 s / d e v  1
J ->■ I .  An = 6 1 . 0 0 mm0 100
I n + 1 0 00 = 5 . 0 0 mm
t i m e ( s ) -p
M18
H
V 1! %T Ab ( t  )
A ( 00) -A ( t )
0 2 2 . 5 0 2 7 . 5 0 4 5 . 0 8 0 . 3 ^ 6 0 0 .7402
2 2 0 . 5 0 2 5 . 5 0 4 1 . 8 0 0 . 3 7 8 8 0 . 7024
4 1 7 . 5 0 22.  50 3 6 .8 9 0 . 4 3 3 1 0 . 6 5 3 1
7 1 3 . 5 0 1 8 . 5 0 3 0 . 3 3 0 . 5 1 8 1 0 . 5 6 8 1
9 1 1 . 5 0 16 . 50 2 7 . 0 5 0 . 5 6 7 8 0 . 5 1 8 4
12 9 . 5 0 14 . 50 2 3 . 7 7 0 . 6 2 4 0 0 . 4622
17 6 . 9 0 11.  90 1 9 . 5 1 0 . 7 0 9 7 0 . 3 7 6 5
22 5 . 0 0 10.  00 16.  39 0 . 7 8 5 4 0 . 3 0 0 8
27 4 . 0 0 9 . 0 0 1 4 . 7 5 0 . 8 3 1 2 0 . 2 5 5 0
32 3 . 0 0 8 . 0 0 1 3 . 1 1 0 . 8 8 2 4 0 . 2 0 3 8
58 T ( t  = ~) = 8 . 2 0 0  
A ( t  = °°) = 1 . 0 8 6  
F i t t i n g  P a r a m e t e r s ;
A = - . 2 8 0 2  
B = - . 0 4 0 9 0
E r r o r  o f  E s t i m a t e  . 03040 
C o r r e l a t i o n  C o e f f i c i e n t  . 9680
1 75
T a b l e  42 Run 6 2 s / d e v
I  -*• I = 6 1 . 0 0 mm0 100
I n -*• 1 0 00 = 2 2 . 2 0 mm
t i m e ( s ) 1 00 t V 1! %T Ab ( t ) A ( 00) -A ( t  )
0 2 1 . 5 0 43.  70 7 1 . 6 4 0 . 1 4 4 8 0 . 2 9 4 2
2 1 8 . 5 0 40.  70 6 6 . 7 2 0 . 1 7 5 7 0 . 2 6 3 3
4 1 5 . 5 0 3 7 . 7 0 6 1 . 8 0 0 . 2 0 9 0 0 . 2300
6 1 3 . 0 0 3 5 . 2 0 5 7 . 7 0 0 . 2 3 8 8 0 . 2002
9 1 0 . 5 0 32 . 70 5 3 . 6 1 0 . 2 7 0 8 0 . 1 6 8 2
11 8 . 9 0 3 1 . 1 0 5 0 . 9 8 0 . 2 9 2 6 0 .1464
16 6.  00 2 8 . 2 0 46 .23 0 . 3 3 5 1 0 . 1 0 3 9
21 4 . 5 0 2 6 . 7 0 4 3 . 7 7 0 . 3 5 8 8 0 . 0 8 0 2
26 3 . 5 0 2 5 . 7 0 4 2 . 1 3 0 . 3 7 5 4 0 . 0 6 3 6
31 2.  50 2 4 . 7 0 40.  49 0 . 3 9 2 7 0 . 0 4 6 3
36 1 . 5 0 2 3 . 7 0 38 . 85 0 . 4 1 0 6 0 . 0 2 8 4
%T ( t = » )  = 36 . 39  
A ( t = « )  = .4390 
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 2 4 2
B = - . 0 5 9 8 0
E r r o r  o f  E s t i m a t e  0 . 06 6 9 2  
C o r r e l a t i o n  C o e f f i c i e n t  . 9501
k o b s d  =
1 76
T a b l e  43 Run 7 2 s / d e v
T -*■ I = 6 1 . 0 0 mm0 100
In -*■ 1 = 2.  00 mm0 "
t i m e ( s ) M 8 1 M w 0 1 w ct %T Ab ( t ) A ( 00) -A ( t )
0 2 2 . 2 5 24 .25 39-75 0 . 4007 1 . 0 83 4
2 1 9 . 2 5 21.  25 34 .84 0 . 4 5 7 9 1 .0 2 6 2
4 1 6 . 7 5 18 . 70 30 . 74 0 . 5 1 2 3 0 . 9 7 1 8
6 1 4 . 0 0 16 . 00 26 .23 0 . 5 8 1 2 0 . 9 0 2 9
9 1 1 . 2 5 1 3 . 2 5 21.  72 0 . 6 6 3 1 0 . 8 2 1 0
11 9- 75 1 1 . 7 5 1 9 . 2 6 0 . 7 1 5 3 0 .7688
16 6 . 9 5 8 . 9 5 14 .67 0 . 8 3 3 6 0 . 6 5 0 5
21 5 . 0 5 7 . 0 5 1 1 . 5 6 0 . 9 3 7 0 0 . 5 4 7 1
26 3 . 7 5 5 . 7 5 9 . 4 3 1 . 0 2 5 5 0 . 4 5 8 6
31 3 . 0 0 5 . 00 8 . 2 0 1 . 0 8 6 2 0 . 3 9 7 9
36 2 . 2 5 4 .25 6 . 9 7 1 . 1 5 6 8 0 . 3 2 7 3
%T ( t = ~ )  = 3 . 2 8 0  
A ( t  = °°) = 1 . 4 8 4  
F i t t i n g  P a r a m e t e r s ;
A = - . 0 9 4 1 0
B = - . 0 3 3 0
E r r o r  o f  E s t i m a t e  .01860 
C o r r e l a t i o n  C o e f f i c i e n t  .9749
k o b s d  = - 0 8 2 5 0
7T a b l e  44 Run 8 I s / d e v - -^
I „  -* I , __ = 6 1 . 0 0 mmU 1UU
Zn 1(J CO = 2 3 . 0 0 mm
t i m e ( s ) 1 00 t H O
1 M Ct %T A b ( t ) A ( 00 ) -A ( t  )
0 2 3 . 2 0 4.6 .  2 7 5 . 7 4 0 .1200 0 . 3 0 3 6
2 21.  50 44 . 5 7 2 . 9 5 0 . 1 3 6 9 0 . 2 8 6 7
4 20.  00 4 3 . 0 7 0 . 4 9 0 . 1 5 1 8 0 . 2 7 1 8
7 1 7 . 9 0 4 0 . 9 67 .05 0 . 1 7 3 6 0 . 2 5 0 0
9 1 6 . 5 0 3 9 . 5 6 4 . 7 5 0 . 1887 0 . 2 3 4 9
12 1 4 . 9 0 3 7 . 9 62 .13 0 . 2 0 6 6 0 . 2 1 7 0
17 12.  50 3 5 . 5 5 8 . 2 0 0 . 2 3 5 0 0 . 1 8 8 6
22 1 0 . 5 0 3 3 . 5 5 4 . 9 2 0 . 2 6 0 2 0 . 16 3 4
27 9 . 0 0 32 . 0 52 . 46 0 . 2 8 0 1 0 . 1 4 3 5
32 7 . 5 0 3 0 . 5 5 0 . 0 0 . 3 0 1 0 0 . 1 2 2 6
37 6 . 5 0 2 9 . 5 4 8 . 3 6 0 . 3 1 5 5 0 . 1 0 8 1
% T  ( t = “ ) = 3 7 . 7 0
A( t =» ) = .4236
P i t t i n g P a r a m e t e r s 5
A = - 1 . 1923
b = - . 0 2 8 0 0
E r r o r  o f  E s t i m a t e  .01010 
C o r r e l a t i o n  C o e f f i c i e n t  . 9872
1 78
. ION NaOH 30°C
T a b l e  45 Run 1 l s / d e v  ^
_ = 6 1 . 0 0 mmU 1UU
8
MO 
h-1 = 1 8 .5 0 mm
t i m e ( s ) M 8 1 H ct H O
1 H ct %T Ab ( t ) A ( 00) -A ( t  )
0 2 1 . 0 0 3 9 . 5 0 64 .75 0 . 1 8 8 8 0 . 3 2 4 3
4 18 .00 3 6 .5 0 59 • 84 0 . 2 2 3 0 0 . 2 9 5 1
7 1 5 . 5 0 3 4 . 0 0 5 5 . 7 4 0 . 2 5 3 8 0 . 2 6 4 3
10 1 3 . 5 0 3 2 . 00 5 2 . 4 6 0 . 2 8 0 1 0 .2 3 8 0
14 10.  50 2 9 . 0 0 4 7 . 5 4 0 . 3 2 2 9 0 . 1 9 5 2
19 8 . 5 0 27 . 00 44 .26 0 . 3 5 4 0 0 . 1 6 4 1
24 6 . 5 0 2 5 . 0 0 4 0 . 9 8 0 . 3 8 7 4 0 . 1 3 0 7
29 5 . 0 0 2 3 . 5 0 38 . 52 0 . 4 1 4 3 0 . 1 0 3 8
34 4 . 5 0 2 3 . 0 0 37 . 70 0 .4 2 3 7 0 . 0 9 4 4
39 3 . 5 0 22 . 00 3 6 . 0 7 0 .4429 0 . 0 7 5 2
44 2 . 5 0 2 1 . 0 0 34 .43 0 . 4 6 3 1 0 . 0 5 5 0
%T (t=°°) = 3 0 . 3 3
A ( t  = °°) = .5181
F i t t i n g P a r a m e t e r s
A = - 1 . 0 7 9
B = - . 0 3 8 9 0
E r r o r  o f E s t i m a t e . 06550
C o r r e l a t i o n  C o e f f i c i e n t  .9401 
k . . = .1945obsd
79
T a b l e  46 Run 2 l s / d e v -1
T = 6 1 . 0 0 mm0 100
In * = 1 2 . 1 0 mm0 00
t i m e ( s ) 1 -!<-00 t V 1! %T Ab ( t ) A ( 00) -A ( t  )
0 2 1 . 5 0 33 . 60 55 .08 0 . 2 5 9 0 0 . 4435
4 1 9 . 5 0 3 1 . 6 0 51.  80 0 . 2 8 5 7 0 .4168
7 1 6 . 5 0 2 8 . 1 0 4 6 . 8 9 0 . 3 2 8 9 0.  3736
10 1 4 . 5 0 2 6 . 6 0 4 3 . 6 1 0 . 3604 0 . 3421
14 11.  50 2 3 . 6 0 38 . 69 0 . 4 1 2 4 0 . 2 9 0 1
19 9 . 0 0 21.  10 34 . 59 0 . 4 6 1 0 0 . 2415
24 7 . 00 1 9 . 1 0 31.  31 0 . 5 0 4 3 0 . 1 9 8 2
29 5 . 5 0 1 7 . 1 0 28 .03 0 . 5 5 2 4 0 . 1 5 0 1
34 4 . 5 0 1 6 . 6 0 2 7 . 2 1 0 . 5 6 5 3 0 . 1 3 7 2
39 3 . 5 0 15 . 60 2 5 . 5 7 0 . 5 9 2 3 0 . 1 1 0 2
44 2 . 5 0 1 4 . 6 0 2 3 . 9 3 0 . 6 2 1 1 0 . 0 8 1 4
JKT ( t = » )  = 1 9 . 8 4  
A ( t  = °° ) = . 7025 
F i t t i n g  P a r a m e t e r s ;
A = - . 7 3 9 0  
B = - . 0 3 7 3 0
E r r o r  o f  E s t i m a t e  .08740 
C o r r e l a t i o n  C o e f f i c i e n t  . 9169
1 80
T a b l e  47 Run 3 l s / d e v
1 d In AA = 6 1 . 0 0 mm0 100
Tn -  1 (J » = 9 . 0 0 mm
t i m e ( s ) H 8 1 H ct H O
1 M ct %T Ab ( t ) A ( 00) -A ( t  )
0 2 0 . 5 0 2 9 . 5 0 4 8 . 3 6 0 . 3 1 5 5 0 . 5 1 5 7
2 1 8 . 5 0 2 7 . 5 0 4 5 . 0 8 0 . 3 4 6 0 0 .4852
5 16 . 00 2 5 . 5 0 4 1 . 8 0 0 . 3 7 8 8 0 . 4 5 2 4
8 1 3 . 5 0 2 2 . 5 0 3 6 . 8 8 0 . 4 3 3 2 0 . 3 9 8 0
10 12.  50 2 1 . 5 0 35 . 24 0 . 4 5 3 0 0 . 3 7 8 2
15 9 . 5 0 1 8 . 5 0 30.  33 0 . 5 1 8 1 0 . 3 1 3 1
20 8 . 0 0 17 . 0 0 2 7 . 8 7 0 . 5 5 4 9 0 . 2 7 6 3
25 6.  50 1 5 . 5 0 2 5 .41 0 . 5 9 5 0 0 . 2 3 6 2
30 5 . 0 0 14 . 00 2 2 . 9 5 0 . 6 3 9 2 0 . 1 9 2 0
35 4 . 5 0 1 3 . 5 0 22 .13 0 . 6 5 5 0 0 . 1 7 6 2
40 3 . 8 0 12 . 80 2 0 . 9 8 0 . 6 7 8 2 0 . 1 5 3 0
5KT ( t = » )  = 1 4 . 7 5
A ( t  = °°) = 0 . 8 3 1 2  
P i t t i n g  P a r a m e t e r s ;
A = - . 6 5 4 6  
B = - . 0 3 1 4 0
E r r o r  o f  E s t i m a t e  .06430 
C o r r e l a t i o n  C o e f f i c i e n t  .9316
T a b l e  48 Run 4 I s / d e v - -^
I  + I = 6 1 . 0 0 mm0 100
0 00 = 5 . 5 0 mm
t i m e ( s ) 00 t H O
1 M ct %T Ab ( t ) A ( » ) - A ( t )
0 2 1 . 5 0 2 7 . 0 0 44 .26 0 . 3 5 4 0 0 . 6 9 0 8
4 1 9 . 5 0 2 5 . 0 0 40.  98 0 . 3 8 7 4 0 . 6 5 7 4
7 1 6 . 5 0 22 . 00 3 6 . 0 7 0 . 4 4 2 9 0 . 6 0 1 9
10 1 4 . 0 0 1 9 . 5 0 31 . 97 0 . 4 9 5 3 0 . 5 4 9 5
14 10.  80 16 . 30 26.  72 0 . 5 7 3 2 0 . 4 7 1 6
19 9 . 0 0 1 4 . 5 0 2 3 . 7 7 0 . 6 2 4 0 0 . 4 2 0 8
24 7 . 0 0 1 2 . 5 0 2 0 . 4 9 0 . 6 8 8 5 0 . 3 5 6 3
29 5 . 5 0 1 1 . 0 0 18 .03 0 . 7 4 4 0 0 . 3 0 0 8
34 4 . 5 0 1 0 . 0 0 1 6 . 3 9 0 . 7 8 5 4 0 . 2 5 9 4
39 3 . 5 0 9 . 0 0 1 4 . 7 5 0 . 8 3 1 2 0 . 2 1 3 6
44 3 . 0 0 8 .50 1 3 . 9 3 0 . 8 5 6 0 0 . 1 8 8 8
5&T ( t  = «) = 9 . 0 2 0  
A ( t=°°) = 1 . 0 9 5  
F i t t i n g  P a r a m e t e r s ;
A = - . 3 1 1 5  
B = - . 0 3 0 7
E r r o r  o f  E s t i m a t e  .05850 
C o r r e l a t i o n  C o e f f i c i e n t  .9322
- 3 2
T a b l e  49 Run 5
I  -»• I0 100 = 61.
H
O
+ M 8 = 17.
t  i m e ( s ) 1 - 1*-°° t
0 2 0 . 0 0 3 7 . 5 0
2 1 8 . 5 0 36 . 00
4 1 7 . 0 0 3 4 . 5 0
7 1 5 . 0 0 3 2 . 5 0
12 1 1 . 5 0 2 9 . 0 0
17 9 . 5 0 2 7 . 0 0
22 7 . 5 0 2 5 . 0 0
27 5 . 5 0 2 3 . 0 0
32 4 . 50 22 . 00
37 3 . 5 0 21.  00
42 3 . 00 2 0 . 5 0
I s  d e v - ^
mm
mm
%T Ab ( t ) A ( « ) - A ( t )
6 1 . 4 8 0 . 2 1 1 3 0 . 3 3 1 0
5 9 . 0 2 0 . 2 2 9 0 0 . 3 1 3 3
96 . 56 0 . 2 4 7 5 0 . 2 9 4 8
5 3 . 2 8 0 . 2 7 3 4 0 . 2 6 8 9
4 7 . 5 4 0 . 3 2 2 9 0 . 2 19 4
44 .26 0 . 3 5 4 0 0 . 1 8 8 3
40.  98 0 . 3 8 7 4 0 . 1 5 4 9
37-70 0 . 4 2 3 7 0 . 1 1 8 6
3 6 . 0 7 0 . 4 4 2 9 0 . 0 99 4
34 .43 0 . 4 6 3 1 0 . 0 7 9 2
33 . 61 0 . 4 7 3 5 0 . 0 6 8 8
%T ( t  = <*») = 2 8 . 6 9  
A ( t =» )  = 0 . 5 ^ 2 3  
F i t t i n g  P a r a m e t e r s ;
A = - 1 . 0 6 4  
B = - . 3 0 8 6
E r r o r  o f  E s t i m a t e  . 07170 
C o r r e l a t i o n  C o e f f i c i e n t  .9436
k o b s d  = - 1 5 l t 3
183
T a b l e  50 Run 6 l s / d e v
I o I 100 = 6 1 . 0 0 mm
I n 1 0 00 = 1 1 . 0 0 mm
t i m e ( s ) 1 - x+- ® t %T A b ( t ) A ( ° ° ) - A ( t )
0 2 1 . 5 0 3 2 . 5 0 5 3 . 2 8 0 . 2 7 3 4 0 . 4 7 0 6
2 1 9 . 5 0 30 . 50 5 0 . 0 0 0 . 3 0 1 0 0 . 4 4 3 0
4 1 7 . 5 0 2 8 . 5 0 46 . 72 0 .3305 0 . 4 1 3 5
7 1 5 . 5 0 26 . 50 4 3 . 44 0 . 3 6 2 1 0 . 3 8 1 9
12 12 . 50 2 3 . 5 0 3 8 . 5 2 0 . 4 1 4 3 0 . 3 2 9 7
17 9 . 9 0 20.  50 3 3 . 6 1 0 . 4 7 3 5 0 . 2 7 0 5
22 7-90 1 8 . 9 0 30.  98 0 . 5 0 8 9 0 . 2 3 5 1
27 6 . 00 1 7 . 0 0 2 7 . 8 7 0 . 5 5 4 4 0 . 1 8 9 1
32 5 . 00 1 6 . 0 0 26 . 23 0 . 5 8 1 2 0 .1628
37 4 . 5 0 1 5 . 5 0 25 .41 0 . 5 9 5 0 0 . 1 4 9 0
42 3 . 50 1 4 . 5 0 2 3 . 7 7 0 . 6 2 4 0 0 . 1 2 0 0
%T ( t = » )  = 1 8 . 0 3  
A ( t = » )  = 0 . 7 4 4 0  
P i t t i n g  P a r a m e t e r s ;
A = - . 7 4 6 4  
B = - . 0 3 2 5 0
E r r o r  o f  E s t i m a t e  .05420 
C o r r e l a t i o n  C o e f f i c i e n t  . 9494
1 84
T a b l e  51 Run 7 l s / d e v ~ ^
I  -*■ I = 6 1 . 0 0 mm0 100




t i m e ( s ) 00 t V 1! %T Ab ( t ) A ( « ) - A ( t )
0 2 1 . 5 0 2 7 . 0 0 4 4 . 2 6 0 . 3 5 4 0 0 . 6 9 0 8
2 1 9 . 5 0 2 5 . 0 0 40.  98 0 . 3 8 7 4 0 . 6 5 7 4
4 1 8 . 00 2 3 . 5 0 38 .5 2 0 . 4 1 4 3 0 . 6 3 0 5
7 1 5 . 5 0 21.  00 3 4 . 43 0 . 4 6 3 1 0 . 5 8 1 7
12 11.  50 1 7 . 0 0 27 . 87 0 . 5 5 4 9 0 . 4 8 9 9
17 9 . 5 0 1 5 . 0 0 2 4 . 5 9 0 . 6 0 9 2 0 . 4  356
22 7 . 5 0 1 3 . 0 0 21.  31 0 . 6 7 1 4 0 . 3 7 3 4
27 6 . 0 0 11.  50 18 . 85 0 . 7 2 4 7 0 . 3 2 0 1
32 4 . 9 0 10.  40 1 7 . 0 5 0 . 7 6 8 3 0 . 2 7 6 5
37 4 . 0 0 9 . 5 0 15-57 0 . 8 0 7 7 0 . 2 3 7 1
%T ( t = » )  = 9 . 0 2 0  
A ( t  = °°) = 1 . 0 4 5  
F i t t i n g  P a r a m e t e r s ;
A = - . 3 5 3 4
B = - . 0 2 9 1 0
E r r o r  o f  E s t i m a t e  . 02460 
C o r r e l a t i o n  C o e f f i c i e n t  . 9696
k o b s d  *
1 85
T a b l e  52 Run 8 I s / d e v - -^
J o "  1 100 = 6 1 - 00 mm
J o -  1 .  ■ 1 6 -5° mm
t i m e ( s ) ^ t H O
1 H
ct
%T Ab ( t ) A ( 00) -A ( t  )
0 1 8 . 5 0 3 5 . 0 0 5 7 . 3 8 0 . 2 4 1 2 0 . 3566
2 1 7 . 0 0 3 3 . 5 0 5 4 . 9 2 0 . 2 6 0 3 0 . 3 2 7 5
5 1 4 . 6 0 3 1 . 1 0 5 0 . 9 8 0 . 2 9 2 6 0 . 2 9 5 2
8 1 3 . 0 0 2 9 . 5 0 48.  36 0 . 3 1 5 5 0 . 2 7 2 3
10 1 1 . 5 0 2 8 . 0 0 45 .90 0 . 3 3 8 2 0 . 2 4 9 6
15 9 . 1 0 2 5 . 6 0 4 1 . 9 7 0 . 3 7 7 1 0 . 2 1 0 7
20 7 .00 2 3 . 5 0 38 . 52 0 . 4 1 4 3 0 . 1 7 3 5
25 5 . 5 0 2 2 . 0 0 3 6 . 0 7 0 . 4 4 2 9 0 . 1 4 4 9
30 4 . 5 0 21.  00 34 .43 0 . 4 6 3 1 0 . 1 2 4 7
35 3 . 7 0 2 0 . 2 0 3 3 . 1 1 0 . 4 8 0 0 0 . 1 0 7 8
40 3 . 0 0 1 9 . 5 0 31 . 97 0 . 4 9 5 3 0 . 0 9 2 5
%T ( t= '») = 2 7 . 0 5
A( t  = °°) = 0 . 5 8 7 8
F i t t i n g  P a r a m e t e r s 5
A = - 1 .049
B = -0 . 03430
E r r o r  o f  E s t i m a t e  . 03230 
C o r r e l a t i o n  C o e f f i c i e n t  .9633
1 86
. 164N NaOH 30 C
T a b le  53 Run 1 l s / d e v  1
In -*■ I n = 6 1 . 0 0 mm0 100
1—1 (H = 2 0 . 0 0 mmu oo
t i m e ( s ) -p
M18
H H O
1 H ct % T Ab ( t ) A ( 00) -A ( t )
0 1 9 . oo 3 9 . 0 0 6 3 . 9 3 0 . 1 9 4 3 0 . 2 9 0 0
2 1 6 . 5 0 3 6 . 5 0 5 9 . 8 4 0 . 2230 0 . 2 6 1 3
4 1 4 . 9 0 34 . 50 5 6 . 5 6 0 . 2 4 7 5 0 . 2 3 6 8
7 12.  00 32 . 00 52 .46 0 . 2 7 8 7 0 . 2 0 5 6
12 9 . 0 0 2 9 .00 4 7 . 5 4 0 . 3 2 2 9 0 . 1 6 1 4
17 6 . 5 0 2 6 . 5 0 4 3 . 4 4 0 . 3 6 2 1 0 . 1 2 2 2
22 4 . 6 0 24 .60 40.  33 0 . 3 9 4 4 0 . 0 8 9 9
27 3 . 5 0 2 3 . 5 0 3 8 .5 2 0 . 4 1 4 3 0 . 0 7 0 0
32 2 . 5 0 22.  50 3 6 . 8 9 0 . 4 3 3 1 0 . 0 5 1 2
37 2 . 0 0 22.  00 3 6 . 0 7 0 . 4 4 2 9 0 . 4 1 4 1
42 1 . 5 0 2 1 . 5 0 3 5 .2 5 0 . 4 5 2 8 0 . 0 3 1 5
ct II »)  = 32 .7 9
A ( t  = °°) = 0 . 4 8 4 3
F i t t i n g  P a r a m e t e r s
A = - 1 .2192
B = - . 05350
E r r o r o f  E s t i m a t e . 04980
C o r r e l a t i o n  C o e f f i c i e n t  . 9666
k , , = . 2675obsd
1 87
T a b l e  54 Run 2 l s / d e v  ^
I -  -»■ I OoI—1
V
O(1<(r mm0 ±uu
In  -*■ I = 2 0 . 0 0 mm0 00
t i m e ( s ) 1 _ I +- 00 t 55 T Ab ( t ) A ( » ) - A ( t )
0 1 7 . 0 0 3 7 . 0 0 6 0 . 6 6 0 . 2 1 7 1 0 . 2 6 7 2
2 1 4 . 5 0 3 4 . 5 0 5 6 . 5 6 0 . 2 4 7 5 0 . 2 3 6 8
5 12.  50 3 2 . 5 0 5 3 . 2 8 0 . 2 7 3 4 0 . 2 1 0 9
8 9 . 5 0 2 9 . 5 0 4 8 . 3 6 0 .3 1 5 5 0 . 1 6 8 8
10 8 . 5 0 2 8 . 5 0 4 6 . 7 2 0 . 3 3 0 5 0 . 1 5 3 8
15 6 . 0 0 2 6 . 0 0 4 2 . 6 2 0 . 3 7 0 4 0 . 1 1 3 9
20 4 . 5 0 2 4 . 5 0 4 0 . 1 6 0 . 3 9 6 2 0 . 0 8 8 1
25 3 . 5 0 2 3 . 5 0 3 8 . 5 2 0.  4143 0 . 0 7 0 0
30 2 . 5 0 2 2 . 5 0 3 6 . 8 9 0 .4331 0 . 0 5 1 2
35 2 . 0 0 22 . 00 3 6 . 0 7 0 . 4 4 2 8 0 . 0 4 1 5
40 1.  50 21.  50 3 5 . 2 5 0 . 4 5 2 8 0 . 0 3 1 5
55 T ( t  =»)  = 3 2 . 7 9
A(t=°°) = 0 . 4 8 4 3
F i t t i n g  P a r a m e t e r s
A = - 1 • 330
B = - . 05390
E r r o r o f  E s t i m a t e . 05500
C o r r e l a t i o n  C o e f f i c i e n t  .9603
k . , = .2695obsd
1 38
T a b l e  55 Run 3 l s / d e v - ^
I  -*• I = 6 1 . 0 0 mm0 100
In 1 = 2 0 . 0 0 mm0 00
t i m e ( s ) 1 °° t I 0 ~ I t SST Ab ( t ) A ( » ) - A ( t )
0 1 9 . 6 0 3 4 . 1 0 5 5 . 9 0 0 . 2 5 2 6 0 . 3 7 1 4
2 1 6 . 5 0 3 1 . 1 0 5 0 . 9 8 0 . 2 9 2 6 0 . 3 3 1 4
5 1 3 . 5 0 2 8 . 0 0 4 5 . 9 0 0 . 3 3 8 2 0 . 2 8 5 8
8 11.  00 2 5 . 5 0 41.  80 0 . 3 7 8 8 0 . 2 4 5 2
10 9 . 5 0 2 4 . 0 0 39 . 34 0 . 4 0 5 2 0 . 2 1 8 8
15 7 . 0 0 21.  50 35 . 25 0 . 4 5 2 8 0 . 1 7 1 2
20 5 . 0 0 1 9- 5 0 3 1 . 9 7 0 . 4 9 5 2 0 . 1 2 8 8
25 3 . 5 0 18 .00 2 9 . 5 1 0 . 5 3 0 0 0 . 0 9 4 0
%T ( t = » )  = 2 3 . 7 7  
A ( t =<*>) = 0 . 6 2 4 0  
F i t t i n g  P a r a m e t e r s ;
A = - . 9 8 2 0  
B = - . 0 5 4 1 0
E r r o r  o f  E s t i m a t e  . 03390 
C o r r e l a t i o n  C o e f f i c i e n t  .9619
1 39
T a b l e  56 Run 4 l s / d e v
-1
I Q -> i 1 qo = ^ 1 - 0 0  111111
J 0 - = 2 0 . 0 0  mm
t i m e ( s ) I  - I . V 1! A b ( t ) A ( 00) -A ( t  )
0 1 9 . 5 0 2 7 . 5 0 4 5 . 0 8 0 . 3 4 6 0 0 . 5 3 6 4
2 1 6 . 50 24 . 50 4 0 . 1 6 0 . 3 9 6 2 0 . 4862
5 1 3 . 5 0 2 1 . 5 0 3 5 . 2 5 0 . 4 5 2 8 0 . 4 2 9 6
8 1 0 . 9 0 1 8 . 9 0 3 0 . 9 8 0 . 5 0 8 9 0 . 3 7 3 5
10 9 . 5 0 1 7 . 5 0 2 8 . 6 9 0 . 5 4 2 3 0 . 3 4 0 1
15 6 . 5 0 1 4 . 5 0 2 3 . 7 7 0 . 6 2 4 0 0 . 2 5 8 4
20 5 . 0 0 1 3 . 5 0 2 2 . 1 3 0 . 6 5 5 0 0 .2274
25 4 . 0 0 12 . 00 1 9 . 6 7 0 . 7 0 6 2 0 . 1 7 6 2
30 3 . 0 0 11.  00 1 8 . 0 3 0 . 7 4 4 0 0 . 1 3 8 4
35 2 . 0 0 1 0 . 0 0 1 6 . 3 9 0 . 7 8 5 4 0 . 0 9 7 0
40 1 . 5 0 9 . 5 0 1 5 . 5 7 0 . 8 0 7 7 0 . 0 7 4 7
%T ( t = » ) = 1 3 . 1 1
A( t  = °°) = 0 . 8 8 2 4
P i t t i n g P a r a m e t e r s 5
A = - . 6 2 9 9
B = - . 0 4 4 6 1
E r r o r  o f E s t  i m a t e .0496
C o r r e l a t i o n  C o e f f i c i e n t  .9469 
k o b s d  = - 2231
